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PART 1.
The i m p o r t a n c e  o f  t h e  p o l y s a c c h a r i d e s  i n  p l a n t  a n d  
i n  a n i m a l  l i f e  h a s  b e e n  r e c o g n i s e d  f o r  many y e a r s  and  
e x t e n s i v e  i n v e s t i g a t i o n s  h a v e  be en  c a r r i e d  o u t  upon  t h e  
o c c u r e n c e ,  c o m p o s i t i o n  a n d  c o n s t i t u t i o n  o f  t h e s e  co m p o un d s .  
I n  p a r t i c u l a r ,  s t a r c h ,  c e l l u l o s e ,  g l y c o g e n  an i  i n u l i n  h a v e  
e n g a g e d  t h e  a t t e n t i o n  o f  c h e m i c a l  a n d  a l s o  o f  p h y s i o l o g i c a l  
w o r k e r s ,  a n d  h a v e  b e e n  shown t o  b e a r  a d e f i n i t e  r e l a t i o n s h i p  
t o  one a n o t h e r . They p o s s e s s  t h e  same e m p i r i c a l  f o r m u l a
a n d  a r e  b u i l t  up o f  h e x o s e  u n i t s ,  b u t  w h e r e a s  s t a r c h ,  
c e l l u l o s e  and  g l y c o g e n  a r e  b a s e d  on g l u c o s e ,  i n u l i n  i s  
u n i q u e  i n  t h a t  i t  i s  r e l a t e d  t o  f r u c t o s e .  The p r e s e n t  
r e s e a r c h  was c a r r i e d  o u t  upon t h e  m o l e c u l a r  s t r u c t u r e  o f  
i n u l i n ,  a n d ,  i n  i n t r o d u c t i o n ,  i t  i s  p r o p o s e d  t o  s u r v e y  i n  
b r i e f  t h e  e x i s t i n g  s t a t e  o f  k n o w l e d g e  o f  t h i s  compound .
2 .
A. OCCUKÜÜCh, Aim COMPOSITION
From t h e  c o n c e n t r a t e d  e x t r a c t  o f  t h e  r o o t  o f  
E l e c a m p a n e  ( INUha HELEhlUM ) ,  Rose  ( H a r d i n g .  S u g a r  1 9 2 3 .  
2 5 .  63 6 )  i n  1805 o b t a i n e d  a w h i t e ,  a m o r p h o u s  s u b s t a n c e .
T h i s  he  p r o v e d  t o  be  n e i t h e r  s t a r c h  n o r  gum,  a n d  l a t e r ,
B o u r c h a r d a t  ( G . R .  1847 .  25 .  274 )  showed t h a t  i t  was c l e a r l y  
d i f f e r e n t  f r o m  d e x t r i n .  To t h i s  s u b s t a n c e  was g i v e n  t h e
name IHUl II'I, a n d  owing p r i n c i p a l l y  t o  t h e  w or k  o f  P a r n e l l  
(An n .  1 8 4 1 .  3 9 .  2 1 3 ) ,  C r o o c k e w i t t  (A n n .  1 84 3 .  4 5 .  184)  a n d  
B o u r c h a r d a t ,  i t  was p l a c e d  among t h e  g r o u p  o f  compounds  
l a t e r  known a s  t h e  p o l y s a c c h a r i d e s ,  a n d  i t s  m o l e c u l a r  
f o r m u l a  e s t a b l i s h e d  a s  ( ) ^ .
I n u l i n  was a l s o  d e t e c t e d  i n  p l a n t s  o t h e r  t h a n  
E l e c a m p a n e ,  s u c h  a s  c h i c o r y ,  g a r l i c ,  o n i o n  a n d  a r t i c h o k e ,  
w h i l e  Payen ( J .  de p h a r .  e t  c h im .  1 8 23 .  2 .  9 .  38 3 )  
e x t r a c t e d  i t  f r o m  t h e  d a h l i a ,  w h i c h  c o n t i n u e s  a s  t h e  m o s t  
p l e n t i f u l  s o u r c e  o f  t h e  compound.  In  g e n e r a l ,  i n u l i n  i s
3 .
c o n f i n e d  ma- iniy  î,o f l e s h y  r o o t s ,  b u l b s  o r  t u b e r s ,  i n  v jh ich  
i t  a p p e a r s  t o  be  s t o r e d  a s  a r e s e r v e  f o o d  m a t e r i a l .  As 
s u c h  iL  p l a y s  an  i m p o r t a n t  p a r t  i n  t h e  v a r y i n g  m e t a b o l i c  
a nd  k a t a b o l i c  p r o c e s s e s .
C o l i n  ( G . R .  1918 .  166 .  2 2 4 ;  G.R.  1918 .  166.  3 0 5 ;
B u l l .  A s s o c .  Chim.  s u e r .  191 9 .  3 7 .  121 ;  G.R.  1 9 24 .  199.  
1186)  f o u n d  t h e  p l a n t  l e a f  t o  be  e n t i r e l y  f r e e  f r o m  i n u l i n  
b u t  s u p p l i e d  w i t h  s u c r o s e ,  g l u c o s e  an d  f r u c t o s e .  I h e  
e l a b o r a t i o n  a p p e a r e d  t o  t a k e  p l a c e  p a r t i a l l y  i n  t h e  s t e m  a nd  
m a i n l y  i n  t h e  t u b e r ,  p r e s u m a b l y  b e i n g  c a u s e d  by t h e  c o n ­
d e n s a t i o n  o f  s i m p l e  h e x o s e s  s u p p l i e d  f r o m  t h e  l e a f .  I t  
i s  n o t e w o r t h y i t h a t  f r o m  t h e  summit  t o  t h e  b a s e  o f  t h e  s t a l k  
a n d  t o  t h e  t u b e r  t h e  p r o p o r t i o n  o f  i n u l i n  i n c r e a s e s  w i t h  an 
a c c o m p a n y i n g  d e c r e a s e  o f  s u c r o s e  a n d  h e x o s e s .  A t  t h e  
b e g i n n i n g  o f  t h e  w i n t e r  m o n t h s  i n u l i n  i s  i n  i t s  h i g h e s t  
c o n c e n t r a t i o n  i n  t h e  t u b e r ,  a n d  d u r i n g  t h e  c o l d  s e a s o n  t h e  
c o n c e n t r a t i o n  f a l l s  s t e a d i l y .  C o l i n  s u g g e s t s  t h a t - t h i s
4 .
c h a n g e  i s  Jue  t o  t h e  g r a d u a l  c o n v e r s i o n  o f  i n u l i n  t o  
l a e v u l o s a n s  a n d  t o  I s e v u l o s e ,  t h e  l a t t e r  h e x o s e  c o m b i n i n g  
w i t h  g l u c o s e  t o  g i v e  s u c r o s e .
I t  i s  l i k e l y  t h a t  s e v e r a l  compounds  o f  d e f i n i t e  
r e l a t i o n s h i p  t o  i n u l i n  a r e  c o - e x i s t e n t  i n  t h e  t u b e r .
T a n r e t  (G .R .  1893 .  166 .  5 1 4 ;  B u l l .  A s s o c .  Chim.  S u e r .  1893 
9 .  2 0 0 ,  2 2 7 ,  622 )  g i v e s  e v i d e n c e  o f  h a v i n g  s e p a r a t e d  
compounds  w h i c h  he  n a m e s ,  i n  g e n e r a l ,  t h e  i n u l i d e s  o r  ~ 
i n u l o i d s ,  a n d  he  s u p p o s e s  t hem t o  fo rm  a p r o g r e s s i v e  s e r i e s  
w i t h  i n u l i n ,  d i f f e r i n g  o n l y  s l i g h t l y  i n  s o l u b i l i t y  a n d  
p h y s i c a l  p r o p e r t i e s ,  p o s s e s s i n g  t h e  same e m p i r i c a l  f o r m u l a ,  
b u t  w i t h  a h i g h e r  m o l e c u l a r  w e i g h t  t h a n  i n u l i n .  He g i v e s  
t h e  f o l l o w i n g  a n a l y s i s  f o r  t h e  e x t r a c t  f r o m  t h e  J e r u s a l e m  
a r t i c h o k e  : -
P e r c e n t a g e
I n u l i n  20 • 8
P s e u d o - r i n u l i n  0 • 2
5 .
P e r c e n t a g e
I n u l e n i n  9 • 5
H e l i a n t h e n i n  5 •  7
S y n a n t h r i n  48»  2
S u c r o s e  1 1 .  9
G l u c o s e
P'ructos^i 3 .  6
He s t a t e s  t h a t  w i t h  t h e  e x c e p t i o n  o f  i n u l è n i n ,  w h i c h  i s  a 
compound c r y s t a l l i s i n g  i n  n e e d l e s ,  i n u l i n  a n d  t h e  r e l a t e d  
a n h y d r i d e s  a r e  a m o r p h o u s .  I t  may be h e r e  n o t e d  t h a t  
a c c o r d i n g  t o  Bechamp ( B u l l .  A s s o c .  Chim.  S u e r .  1 8 9 3 .  9 .  212 )  
i n u l i n  c an  be  o b t a i n e d  i n  t h e  f o r m  o f  s n o w - w h i t e ,  d o u b l y  
r e f r a c t i v e  s p h e r o i d  c r y s t a l s .
On t r e a t m e n t  w i t h  i n u l a s e  o r  d i a s t a s e ,  o r  by a c i d  
h y d r o l y s i s ,  i n u l i n  and  t h e  i n u l i d e s  a r e  c o n v e r t e d  i n t o  
f r u c t o s e .  T a n r e t ,  h o w e v e r ,  b e l i e v e s  t h a t  e a c h  a g g r e g a t e  
m o l e c u l e  c o n t a i n s  g l u c o s e  c o m p o n e n t s  i n  d i f f e r e n t  a m o u n t s .
He b a s e s  h i s  a s s u m p t i o n  on t h e  f a c t  t h a t  on a c i d  h y d r o l y s i s
6 .
o f  t h e s e  c o m p ou n ds ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  f i n a l  
s p e c i f i c  r o t a t i o n  a n d  t h e  s p e c i f i c  r o t a t i o n  o f  p u r e  f r u c t o s e  
p e r m i t s  o f  t h e  p r e s e n c e  o f  g l u c o s e .  H i s  a s s u m p t i o n  
r e c e i v e s  l i t t l e  s u p p o r t  f r o m  o t h e r  w o r k e r s ,  f o r  t h e  p r o d u c t s  
o f  h y d r o l y s i s  a n d  enzyme a c t i o n  h a v e  b e e n  s u b m i t t e d  t o  t e s t s  
p a r t i c u l a r l y  by  B o u r q u e l o t  a n i  B r i d e  1 ( G . R .  19 2 1 .  172 .  946 )  
and  i n  no  c a s e  h a s  ar.y t r a c e  o f  g l u c o s e  b e e n  d e t e c t e d .  
F u r t h e r m o r e ,  i t  i s  known t h a t  when f r u c t o s e  i s  h e a t e d  i n  t h e  
p r e s e n c e  o f  m i n e r a l  a c i d s  t h e r e  i s  an  a p p r e c i a b l e  l o s s  i n  
r o t a t o r y  p o w e r .  I h i s  f a c t  a f f o r d s  a c l e a r  e x p l a n a t i o n  
o f  t h e  d i f f e r e n c e  i n  r o t a t i o n  n o t e d  by T a n r e t .  R e v e r t h e  l e s s  
t h e  p o s s i b i l i t y  o f  t h e  p r e s e n c e  o f  r e l a t e d  a n h y d r i d e s ,  e ven  
i n  s m a l l  t r a c e s ,  i n  i n u l i n  m u s t  n o t  be  o v e r l o o k e d .
Dean ( Amer . C h e m . J . 1 9 0 4 . 3 2 . 6 9 )  p o s t u l a t e s  t h a t  i n u l i n  i s  
a g r o u p  o f  s u b s t a n c e s  w i t h  l a r g e  l o o s e l y - b o u n d  m o l e c u l e s  
and  n o t  a s i n g l e  s u b s t a n c e .  He i s  s u p p o r t e d  by ^ ' ' i l l aman 
( J .  B i o l .  Chem. 192 2 .  5 1 .  275 )  who c a r r i e d  o u t  a s u c c e s s i v e
7 .
s e r i e s  o f  '’c r y s t a l l i s a t i o n s ' ’ a m o u n t i n g  t o  f r a c t i o n a t i o n , 
o b t a i n i n g  p r o d u c t s  v ih i ch  showed v a r y i n g  p h y s i c a l  p r o p e r t i e s ,  
t h e  m o l e c u l e s  o f  l e s s e r  s p e c i f i c  r o t a t i o n  i n  e a c h  c a s e  
r e m a i n i n g  b e h i n d  i n  t h e  m o t h e r - l i q n o r . I t  s e ems  more  
p r o b a b l e ,  h o w e v e r ,  t h a t  % i l i a  man m e r e l y  s e p a r a t e d  t h e  
a n h y d r i d e s  o f  T a n r e t .
A p a r t  f r o m  t h e  e l i m i n a t i o n  o f  t h e  i n u l i d e s ,  d i f f i c u l t y  
i s  a l s o  e x p e r i e n c e d  i n  t h e  r e m o v a l  o f  a s h .  I r v i n e  a n d  
S t e e l e  ( J . C . S .  1920 .  T. 1474 )  o b t a i n e d  i n u l i n  f r o m  d a h l i a  
t u b e r s ,  a n d  a f t e r  r e p e a t e d  p u r i f i c a t i o n  by w a s h i n g  showed  
t h e  s u b s t a n c e  t o  g i v e  l e s s  t h a n  0 . 2 ^  a s h  on i g n i t i o n .  I t  
i s  even  n o t  i m p r o b a b l e ,  a s  s u g g e s t e d  by t h e m ,  t h a t  a. f a i n t  
t r a c e  o f  i n o r g a n i c  m a t e r i a l  i s  p e r m a n e n t l y  a s s o c i a t e d  w i t h  
t h e  i n u l i n  m o l e c u l e .
M o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  upon  i n u l i n  o r  d e t e r m i n e d  
I. f r om t h e  d e r i v a t i v e s  o f  i n u l i n ,  a r e  s e l d o m  f o u n d  i n  a g r e e m e n t .  
Of t h e  e a r l i e r  r e s u l t s  t h e  f o l l o w i n g  a r e  q u o t e d  ( T h o r p e ’ s
8 .
D i c t i o n a r y  o f  A p p l i e d  C h e m i s t r y )  a l t h o u g h  t h e y  s u g g e s t
i m p e r f e c t  p u r i f i c a t i o n .
K i l i a n i  ( 0 .  H 0 - , H O
Brown an  1 M o r r i s  ( C H,^0^^) , 2H^0
UÜ11 (?)H^0
Tanret ( C H, ,0 ) , 5H,06 /o S *•
The more  r e c e n t  d e t e r m i n a t i o n s  a r e  i n  c l o s e r  a g r e e m e n t ,  
b u t  s t i l l  e m p h a s i s e  t h e  v a r i a n c e  i n  r e s u l t s .  I f  t h e  
d e t e r m i n a t i o n  o f  O t t ,  w h i c h  i s  b a s e d  on B r a g g ' s  f o r m u l a  f o r  
t h e  e s t i m a t i o n  o f  t h e  u p p e r  l i m i t  o f  m o l e c u l a r  w e i g h t  by 
X - r a y  a n a l y s i s ,  i s  t o  be  a c c e p t e d ,  t h e n  t h e  r e s u l t s  o f  
P r i n g s h e i m  a n d  K a r r e r  mu s t  be  d i s r e g a r d e d .  Th ese  l a t t e r  
r e s u l t s  we r e  o b t a i n e d  f r o m  t h e  a c e t y l  a n d  m e t h y l  d e r i v a t i v e s ,  
a n d  t h e  i n c r e a s e d  w e i g h t  o f  t h e  m o l e c u l e  w o u l d  p o i n t  t o  a. 
f u r t h e r  s t a t e  o f  p o l y m e r i s a t i o n .  K a r r e r  ( B e r .  19 22 .  55B.  
2854 )  h o w e v e r ,  by e x p e r i m e n t a l  m e t h o d s  a s c e r t a i n e d  t h a t  t h e  
h e a t s  o f  c o m b u s t i o n  o f  i n u l i n  a n d  o f  i t s  t r i a c e t y l  d e r i v a t i v e
9 .
a r e  so  c l o s e  a s  t o  i n d i c a t e  no m a t e r i a l  c h a n g e  i n  t h e  
d e g r e e  o f  p o l y m e r i s a t i o n .
D e t e r m i n a t i o n
upon
D e t e r m i n e d  by F or m u la  n
I bUhIN Schmid & B e c k e r  
( B e r . 1 9 2 5 . 5 8 B . 1968 )
- ...  1
f
INULIK R e i h l e n  & N e s t l e  
( B e r . 1 9 2 6 . 5 9 B . 1159 ) !1
■ — f
IhULIK O t t
( P h y s i k . Z . 1 9 2 6 . 2 7  
174)
 ^ WOT [ 
TN4W é 1
1 IhlACiViYL IKULIK 
1
P r i n g s h e i m  & 
Aronowsky
( B e r . 1 9 2 1 . 5 4 b . 1281 )
j TRIf-.ChlYL INULIN P r i n g s h e i m  & 
Lassrnann
( B e r . 1 9 2 2 . 5 5 B . 1409)
1 ÏRIIvihTnYL INUl IN K a r r e r  & Lang 
( H e I v . C h i m .A c t a  1921 
4 . 2 4 9 )
.1
So ,  w h i l e  t h e  c o m p o s i t i o n  h a s  b e e n  e s t a b l i s h e d  a s
i t  i s  n o t  y e t  p o s s i b l e  t o  f i x  d e f i n i t e l y  up on
t h e  m a g n i t u d e  o f  .
1 0 .
b . C o n s t i t u t i on
N o t h i n g  was known o f  t h e  c o n s t i t u t i o n  u n t i l  I r v i n e  
a n d  S t e e l e  ( l o c .  c i t . )  p r o v e d  t h a t : -
( a )  I n u l i n  i s  co mposed  e x c l u s i v e l y  o f  y  f r u c t o s e  
r e s i d u e s ;  a n d  t h a t
!V
( b )  The y  f r u c t o s e  r e s i d u e s  a r e  a l i k e ,  i . e .  t h e  
r e s i d u e s  h a v e  b e e n  d e h y d r a t e d  i n  t h e  s a m e ' w a y .
T h i s  p r o o f  was c o n f i r m e d  a n d  e x t e n d e d  by  I r v i n e ,  S t e e l e  
a n d  Shannon  ( J . C . S .  192 2 .  1 21 .  1 0 6 0 ) .
The e x p r e s s i o n  ' y  s u g a r ’ was b r o u g h t  i n t o  u s e  t o  
i n d i c a t e  t h e s e  f o r m s  o f  a l d o s e s  a n d  k e t o s e a ’’ w h i c h  do n o t  
c o n f o r m  t o  t h e  n o r m a l  t y p e .  I t  o r i g i n a t e d  f r o m  t h e  
d i s c o v e r y  o f  F i s c h e r  ( B e r .  19 1 4 .  4 7 .  1980)  a n d  o f  I r v i n e  
( J . C . S .  191 3 .  1896)  t h a t  a m e t h y l  g l u c o s i d e  e x i s t e d  w h i c h  
d i d  n o t  show t h e  same p r o p e r t i e s  a s  t h e  oc o r  ^  m e t h y l  
g l u c o s i d e s .  i ^ a t e r ,  I r v i n e  a n d  R o b e r t s o n  ( J . C . S .  1 9 1 6 .
109.  1305)  on c o n d e n s i n g  f r u c t o s e  w i t h  0 * 5 ^  o f  h y d r o c h l o r i c
1 1 .
a c i d ,  o b t a i n e d  a s  one  o f  t h e  p r o d u c t s  a compound w h i c h  h a s  
s i n c e  b e e n  r e c o g n i s e d  a s  a d e r i v a t i v e  o f  y  f r u c t o s e .
T h i s  i s o m e r i s m  h a j  s e emed  l i k e l y  t o  be  e x t e n d e d  f r o m  g l u c o s e  
t o  t h e  o t h e r  h e x o s e s  a n d ,  i n d e e d ,  P u r d i e  ( J . C . S .  1 9 0 7 .  9 1 .  
2 8 9 )  ha d  p r e d i c t e d  t h i s  t h i r d  f o r m  o f  m e t h y l  f r u e t o s i d e .
The y  r e s i d u e  i s  one  w h i c h  i s  e x t r e m e l y  u n s t a b l e  a n d  
i t  c o u l d  be  e x p e c t e d  t h a t  on h y d r o l y s i n g  a comp lex  c a r b o ­
h y d r a t e  s u s p e c t e d  o f  c o n t a i n i n g  a y r e s i d u e ,  r e v e r s i o n  t o  
t h e  n o r m a l  s u g a r  wo u ld  t a k e  p l a c e .  The h y d r o l y s i s  o f  
i n u l i n  t o  w h i c h  r e f e r e n c e  h a s  b e e n  m ade ,  g i v e s  c r y s t a l l i n e  
l a e v o - r o t a t o r y  f r u c t o s e  a s  t h e  p r o d u c t .  On t h e  o t h e r  h a n d ,  
a d e r i v a t i v e  o f  a y  s u g a r  may n o t  e x h i b i t  t h e  same r e v e r s i o n  
P u r d i e  a n d  I r v i n e  ( J . C . S .  190 5 .  8 7 .  1022)  showed t h a t  o c t a -  
m e t h y l  s u c r o s e  d i d  n o t  g i v e  t h e  i n v e r s i o n  i n  s p e c i f i c  
r o t a t i o n  shown by t h e  p a r e n t  b o d y ,  a n d  Hudson ( J . A . C . S .
1909 .  3 1 .  6 6 0 ) ,  i n  s t u d y i n g  t h e  h y d r o l y s i s  o f  s u c r o s e  by 
i n v e r t a s e ,  f o u n d  t h a t  t h e  f r u c t o s e  r e s i d u e  was d e x t r o -
1 2 .
r o t a  LOI y . a t e  t r a m e  t h y  1 f r u c t o s e  o f  t h e  Y t y p e  ïvas f i n a l l y  
o b t a i n e d  by Haiworth ( J . C . S .  191 6 .  10 9 .  1 3 1 4 ) f r o m  t h e  p r o d u c t s  
o f  h y d r o l y s i s  o f  h e p t a m e t h y l  s u c r o s e .
The p o s i t i o n  o f  Lhe oxygen  l i n k  i n  V  f r u c t o s e  was 
f i r s t  r e g a r d e d  a s  b e i n g  o f  t h e  e t h y l e n e  o x i d e  o r  1 : 2  t y p e  ( 1 ) .  
I h i s  h o w e v e r ,  was o v e r t h r o w n  by Ha w o r t h  ( J . C . S .  1 9 2 3 .  123 .
29 4 )  who p r o p o s e d  an  a m y l e n e  o x i d e  o r  1 : 5  r i n g  s t r u c t u r e  ( 2 )  
H i s  p r o p o s a l  was b a s e d  upon  t h e  o x i d a t i o n  o f  t e t r a m e t h y 1 
y  f r u c t o s e  by n i t r i c  a c i d .  The t r i m e t h o x y  v a l e r o l a c t o n e  
so  f o r m e d  was o x i d i s e d  by p o t a s s i u m  p e r m e n g a n a t e  t o  t r i m e t h o x y  
g l u t a r i c  a n h y d r i d e ,  f r o m  w h i c h  was o b t a i n e d  a d i m e t h y l  e s t e r  
o f  g l u t a r i c  a c i d .
( 1 )  2 '  C OH
 1  C.OH--------1
I 0
 2  C -H -------- 1
I
 3  H.C.OH
I
 4  H, C .OH
1
 5  G H .  OHQ.
y  f r u c t o s e  ( 1 : 2  )
1 3 .
(2) C H^OH G H OMe
i ^ 1 "■
C . O K ----, C . O H ---
I I I
HQ.C.ll i MeO .C.H
H.G.OH 0 ^ ----- H.G.OMe
V I I
H.G.OH I  H.G.OMe
I ‘ I
G H^------ J  G H ^  1
y  f r u c t o s e  ( 1 : 5 )  ï e t r a m e t h y l  y f r u c t o s e
IvicOwan ( J . G . 3 .  1 9 2 6 .  1737)  i n  an a t t e m p t  t o  r e p e a t  t h e  
o x i j a t i o n  o f  t h e  t e t r a m e t h y l  y  f r u c t o s e  o b t a i n e d  on t h e  
h y d r o l y s i s  o f  m e t h y l a t e d  s u c r o s e ,  pjas u n a b l e  t o  f i n d  e v i d e n c e  
t h a t  t r i m e t h o x y  v a l e r o l a c t o n e  an  I t r i m e t h o x y  g l u t a r i c  a c i d  
w e r e  f o r m e d .  By o x i d i s i n g  t e t r a m e t h y l  y  f r u c t o s e  w i t h  
n i t r i c  a c i i  an  j  t r e a t i n g  t h e  p r o d u c t  w i t h  a c i d  m e t h y l  a l c o h o l  
h e  f o u n d  t h e  p r o d u c t  t o  a g r e e  i n  p r o p e r t i e s  w i t h  a m e t h y l  
k e t o  d i m e t h o x y  b u t y r a t e .  f r o m  t h e s e  r e s u l t s  he  a r g u e s  
t h a t  t h e  a m y l e n e - o x i d e  s t r u c t u r e  c an  n o t  be  a c c e p t e d ,  a n d  
p r o p o s e s  a p r o p y l e n e - o x i d e  s t r u c t u r e  ( 3 )
( 3 )
1 4 .
C H OH 
I ^
C.OH-
I
HO.C.H 0 
I
H.C ----
I
H.C.OH
C H^OK
y  f r u c t o s e  ( 1 ; 3  )
I 'he nvork o f  I r v i n e  an d  P a t t e r s o n  ( J . C . S .  1922 .  121 .  2696 )  
p o i n t e d  t o  n o r m a l  f r u c t o s e  p o s s e s s i n g  t h e  b u t y l e n e - o x i d e  o r  
1 : 4  s t r u c t u r e .  The b u l k  o f  t h e  e v i d e n c e  a v a i l a b l e ,  among 
\’v h i ch  may a l s o  be m e n t i o n e d  t h a t  o f  H e l f e r i c h  a n d  Malkomes 
( B e r .  1 9 2 2 .  55B 702)  on t h e  c y c l i c  s t r u c t u r e  o f  6"- h y d r o x y  
a l d e h y d e ,  ma j e  a c a s e ,  i f  n o t  a c l e a r  o n e ,  f o r  r h e  a m y l e n e -  
o x i d e  r i n g  i n  y  f r u c t o s e .
\
B u t  more  r e c e n t l y ,  H a w o r t h  a nd  h i s  c o l l a b o r a t o r s  h a v e  
a l t e r e d  t h e  v i e w s  on t h e  n o r m a l  and  y  h e x o s e s .  B e g i n n i n g  
w i t h  t e t r a m e t h y l  y  f r u c t o s e  ( 1 ) ,  H a w o r t h ,  H i r s t  an d  L e a r n e r  
( J . C . S .  1927 .  2433 )  o b t a i n e d  ^ - d i m e t h o x y  s u c c i n i c  a c i d  ( 3 )
1 5 .
V/i t h ^ ' ü r iiiiet.h.y 1 y  a r a b i n o l a c t o n e  a s  an i n t e r m e d i a t e  p r o d u c t
( 2 ) .  l i ie  s u c c i n i c  a c i d  d e r i v a t i v e  v^as c h a r a c t e r i s e d  a s  t h e  
c r y s t a l l i n e  amide  a n d  m e t h y l a m i d e , a n d  t h e s e  l a t t e r  compounds  
mere  i d e n t i f i e d  m i t h  s p e c i m e n s  p r e p a r e d  f r o m  '£ -  t a r t a r i c
a c i d .
CH^OMe 
C. OH —
ivle 0 » G » H 
1
H . G. Che
I
H.G ------
Or OMe 
( 1 )
G O  —
I
MeOG.H
I
H.G.OMe
I
H . G ------
0
CH^OMe
( 2 )
COOK
I
MeO. G.H
I
H.G.OMe 
1
COOK
(3)
Y i h i l e ,  w o r k i n g  on t h e  g l u c o s e s ,  ( C h a r l t o n ,  H a w o r t h  and  P e a t
J . C . S .  1926 .  8 9 ;  H i r s t ,  J . C . S .  1926.  3 5 0 ;  H a w o r t h ,  H i r s t
a n d  M i l l e r ,  J . C . S .  1927 .  2436)  t h e y  f o u n d  t  a t  t h e  norma 1 
a n d  t h e  y  f o r m s  g a v e ,  r e s p e c t i v e l y ,  a n d  / f - l a c  t o n e s .
I n  v i e w  o f  t h e s e  f a c t s  t h e  p r e s e n t  a c c e p t e d  s t r u c t u r e
o f  n o r m a l  f r u c t o s e  i s  one  w h i c h  c o n t a i n s  an a m y l e n e - o x i d e
r i n g ,  w h i l e  y  f r u c t o s e  i s  i d e n t i f i e d  w i t h  a b u t y l e n e - o x i d e
16.
o r  1 : 4  r i n g  ( 4 )
( 4 )  C K^ OH
C.OH------
I
HO.G.H
I 0
H.C.OH
H.C
C H OH 
y  f r u c t o s e  ( 1 : 4 )
H a v i n g  r e v i e w e d  t h e  r e c e n t  work  on t h e  c o n s t i t u t i o n  o f  
Y f r u c t o s e ,  t h e  r e s u l t s  o b t a i n e d  by I r v i n e  and  S t e e l e  may 
a g a i n  be  c o n s i d e r e d .  T he s e  i n v e s t i g a t o r s  i s o l a t e d  i n u l i n  
f r o m  d a h l i a  t u b e r s  a n d  a f t e r  i n t e n s e  p u r i f i c a t i o n  o f  t h e  
compound s u b j e c t e d  i t  t o  t h e  m é t h y l a t i o n  p r o c e s s  i n  w h i c h  
m e t h y l  s u l p h a t e  anJ ,  s od i u m  h y d r o x i d e  a r e  e m p l o y e d .  A 
l a e v o - r o t a t o r y  d i m e t h y l  i n u l i n  was so  o b t a i n e d ,  a n d ,  on 
f u r t h e r  m é t h y l a t i o n  w i t h  s i l v e r  o x i d e  an 1 m e t h y l  i o d i d e ,  
t r i m e t h y l  i n u l i n  sh o w in g  t h e  s p e c i f i c  r o t a t i o n  o f  d - 5 5 . 6
i n  c h l o r o f o r m  was i s o l a t e d .
On h y d r o l y s i s  w i t h  1^  o x a l i c  a c i d  a t  a t e m p e r a t u r e  o f
o
17.
1 0 0 * C . ,  t r l m e t h y l  i n u l i n  y i e l d e d  a t r i m e o h y l  f r u c t o s e ,
i n  water a n d  1^1^- + 26 .61*  i n  c h l o r o f o r m .  T h i s  
t r i m e t h y l  f r u c t o s e  was d i s t i l l e d  u n d e r  d i m i n i s h e d  p r e s s u r e  
a n d  two f r a c t i o n s  were c o l l e c t e d ,  L: e f i r s t  i n  v e r y  s m a l l  
a m o u n t .  A t t e n t i o n  was d i r e c t e d  upon t h e  s e c o n d  f r a c t i o n ,  
w h i c h  a m o u n t e d  i n  w e i g h t  t o  7 6 ^ o f  t h e  t r i m e t h y l  i n u l i n  
t a k e n .
1 s t .  f r a c t i o n  D i s t i l l e d  a t  1 2 7 * -  129* /o .25mm
2 n d .  f r a c t i o n  D i s t i l l e d  a t  140 / o .37mm
The a n a l y s i s  o f  The second f r a c t i o n  i s  here g iven  and w i l l
be r e f e r r e d  to la Ter:
Found  C a l c u l a t e d  v a l u e s  f o r
T r i m e t h y l  f r u c t o s e
G 4 8 . 9 %  C 4 8 . 7 5 %
H 7 . 9 4 : »  H 8 . 1 1 %
OMe 4 1 . 4 9 #  . OMe 4 1 . 8 8 %
Trimethyl frucTose was f i n a l l y  c h a r a c te r i s e d  as a member of  
the y s e r i e s  by convers ion  to a tetrameThyl f r u c t o s e  
i d e n t i c a l  in  p r o p e r t ie s  with the te tram ethy l  y  f r u c t o s e  
obta ined  by the h y d r o ly s i s  o f  m ethylated  sucrose
18.
I n u l i n  — ^  D i m e t h y l  i n u l i n  — ^  T r i m e t h y l  i n u l i n
'1
T r i m e t h y l  f r u c t o s e
i
T r i m e t h y l  m e t h y l  f r u c t o s i d e
j,
T e t r a m e t h y l  m e t h y l  f r u c t o s i d e
i
T e t r a m e t h y l  y  f r u c t o s e
I ' u r t h e r  i n v e s t i g a t i o n s  by I r v i n e ,  S t e e l e  a n d  Shannon ( l o c . 
c i t . )  showed t h a t  a l a e v o  r o t a t o r y  t r i m e t h y l  i n u l i n  c o u l d  
a l s o  be  f o r m e l  on t h e  m é t h y l a t i o n  o f  t h e  l a e v o  d i m e t h y l  
d e r i v & i i v e .  T h i s ,  a s  b e f o r e ,  gave  t h e  d e x t r o - r o t a t o r y  
t r i m e t h y l  y  f r u c t o s e .
K a r r e r  and  Lang ( H e l v .  Ghim. Ac if s • 1921 .  IV.  249)  
c o n s e q u e n t  t o  t h e  p u b l i c a t i o n  by I r v i n e  and  S t e e l e  a n d  
u t i l i s i n g  s i m i l a r  e x p e r i m e n t a l  m e t h o d s ,  h a d  a l s o  o b t a i n e d  
a l a e v o - r o t a t o r y  t r i m e t h y l  i n u l i n  b u t  we re  u n a b l e  t o  i s o l a t e  a 
a s i m i l a r  compound show ing  t h e  o p p o s i t e  s i g n .  From t h i s  
t h e y  a s s e r t  t h a t  t h e  d e s c r i p t i o n  g i v e n  by I r v i n e  an d  S t e e l e
o f  a d e x t r o - f o r m  i s  i n a c c u r a t e .
I r v i n e  a n i  S t e e l e  u p h e l d  t r a t  t h e  y i e l d s  o f  d i m e t h y l  
i n u l i n  an 1 t r i m e t h y l  i n u l i n  f r o m  t h e  p a r e n t  body a n d  t h e  
u n i f o r m i t y  o f  t h e  t e  t r am e  uhy1 y  f r u c t o s e  we re  s u c h  a s  t o  
i n d i c a t e  t h a t  a l l  t h e  f r u c t o s e  r e s i d u e s  i n  i n u ± i n  b e l o n g  
t o  t h e  Y s e r i e s .  And,  a g a i n ,  t h a t  t h e  y i e l d  o f  t r i m e t h y l  
i n u l i n  p o i n t e d  t o  t h e  c o n c l u s i o n  t h a t  i n u l i n  i s  an a g g r e g a t e  
o f  Y f r u c t o s e  r e s i d u e s ,  whe re  e a c h  f r u c t o s e  r e s i d u e  h a s  
l o s t  two h y d r o x y l  g r o u p s  i n  t h e  f o r m a t i o n  o f  t h e  p o l y s a c c h ­
a r i d e .  i r i m e t h y l  f r u c t o s e  a l o n e  h a d  be en  o b t a i n e d  a nd  h o t  
a m i x t u r e  o f  d i m e t h y l  t o  t e t r a m e t h y l  f r u c o t s e .  I t  was 
s u g g e s t e d  t h a t  t h e  f o r m a t i o n  o f  i n u l i n  t a k e s  p l a c e  a s  
u n d e r  : -
Y f r u c t o s e
d
a n h y d r o  y  f r u c t o s e
P o l v m e r i s e d  a n h y i r o  v f r u c t o s e
So t h a t ,  a c c o r d i n g  t o  t h e  r e v i s e d  s t r u c t u r e  Ox y  f r u c t o s e
2 0 .
t h e  p o s s i b l e  a n h y i r o  f o r m s ,  w h i c h  may o r  may n o t  be
p o l y m e r i s e d  o r  c o n d e n s e d  t o g e t h e r ,  o f  t h e  u n i t  o f  i n u l i n  a r e : -
( 1)
C H.OH
I ^
0 I
I °
h .C.OH
I
H.U -----
I
C H^Oli
o r  ( 2 )
0
C H.
i ■
G —
HO.C.H
I o
H.C.Oh If
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T hes e  f o r m u l a e ,  w i t h  t h e  a n h y d r o  r i n g s  1 : 2  o r  1 : 2  ,
a r e  b a s e d  on t h e  f a c t  t h a t  I r v i n e  and  S t e e l e  f i n d  t h a t  t h e
t r i m e t h y l  f r u c t o s e  o b t a i n e d  f r o m  t r i m e t h y l  i n u l i n  a p p a r e n t l y
c o n d e n s e s  w i t h  a c e t o n e .
As p o i n t e d  o u t  by I r v i n e  and S t e e l e ,  t h e  a n h y d r o  y
f r u c t o s e  s t r u c t u r e  i s  one  w h i c h  a d m i t s  o f  p o l y m e r i s a t i o n
In o r d e r  t o  a s c r i b e  a s y m m e t r i c a l  s t r u c t u r e  t o  i n u l i n  a t
l e a s t  two f r u c t o s e  r e s i d u e s  m us t  be  p r e s e n t , b u t  t h e  p h y s i c a l
p r o p e r t i e s  o f  i n u l i n  seem t o  show t h a r  i t  i s  n o t  a d i -
s a c c h a r i d e  .
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F r i n g s h e i m  an d  Kohn ( Z . P h y s i o l .  Chem. 1924 .  1 85 .  80)  
by h e a t i n g  i n u l i n  i n  g l y c e r o l  o b t a i n e d  a p r o d u c t  w h i c h  
l e d  t h em  t o  b e l i e v e  t h a t  i n u l i n  i s  a t r e b l y  p o l y m e r i s e d  
a n h y d r o  t r i - f r u c t o s e .  T h i s  t h e o r y  was s u p p o r t e d  by t h e  
d e t e r m i n a t i o n s  o f  t h e  m o l e c u l a r  w e i g h t  o f  a t r i a c e t y l  
i n u l i n  p r e p a r e d  by t h em .  P i c t e t  ( H e l v .  Chem. A c t a  1922 
V. 640)  h a d  p r e v i o u s l y  h e a t e d  s t a r c h  i n  g l y c e r o l  s o l u t i o n  
a n d  i s o l a t e d  an  a n h y d r o  t r i s a c c h a r i d e ,  b u t  i n  t h e  l i g h t  o f  
more  r e c e n t  r e s e a r c h ,  no g r e a t  r e l i a b i l i t y  can  be  p l a c e d  
upon  t h i s  p r e p a r a t i o n .  Dr .  C. b .  P u r v e s  ( S t .  Andrews  
U n i v e r s i t y )  h e a t e d  s t a r c h  i n  g l y c e r o l  a c c o r d i n g  t o  t h e  
m e t h o d  o u t l i n e d  by P i c t e t ,  a n d  a f t e r  m e t h y l a t i n g  t h e  
p r o d u c t  a nd  s u b j e c t i n g  t h e  d e r i v a t i v e  t o  h y d r o l y s i s  
o b t a i n e d  an e q u i l i b r i u m  m i x t u r e  o f  mono,  d i ,  a n d  t r i m e t h y l  
g l u c o s e s .  The t r i s a c c h a r i d e  o f  P r i n g s h e i m  t h e r e f o r e  can 
n o t  be  a c c e p t e d  w i t h o u t  f u r t h e r  i n v e s t i g a t i o n .
A c c o r d i n g  t o  Bergmann and  Knehe (Ann.  1 9 2 6 . 4 4 9 . 3 0 2 )
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a compound u n l i k e  t h a t  o b t a i n e d  f r o m  t h e  a c é t y l a t i o n  o f  
i n u l i n  by P r i n g s h e i m  can  be  o b t a i n e d  by a l t e r i n g  t h e  
t e m p e r a t u r e  o f  t h e  r e a c t i o n  f r o m  140*0 t o  2 0 * -  60*0 a n d  
by m a i n t a i n i n g  t h i s  t e m p e r a t u r e  f o r  s e v e r a l  d a y s .  
P o s s e s s i n g  t h e  f o r m u l a ,  s u p p o r t e d  by m o l e c u l a r  w e i g h t  
d e t e r m i n a t i o n s ,  o f  , ( OOOH^  t h i s  compound s u g g e s t s
t h a t  i n u l i n  i t s e l f  i s  a p o l y m e r i s e d  d i l - f r u c t o s e  a n h y d r i d e .
0 .  i n  c o n c l u s i o n  t o  t h e  i n t r o d u c t i o n ,  a s h o r t  summary
o f  t h e  v i e w s  o f  t h e  i n v e s t i g a t o r s  o f  i n u l i n  i s  h e r e
g i v e n  : -
1.  I n u l i n  i s  b a s e d  on f r u c t o s e  o f  t h e  y  t y p e
2 .  y  f r u c t o s e  p o s s e s s e s  t h e  1 : 4  o x i d i c  s t r u c t u r e
3 .  ùach  m o l e c u l e  o f  f r u c t o s e  h a s  l o s t  two
h y d r o x y l  g r o u p s  d u r i n g  c o n d e n s a t i o n  t o  g i v e
t h e  m o l e c u l e  o f  i n u l i n .
4 .  , The m o l e c u l e  o f  i n u l i n  i s  s m a l l  i n  c o m p a r i s o n
1
2^.
w i t h  t h e  m o l e c u l e s  o f  t h e  r e l a t e d  p o l y ­
s a c c h a r i d e s ,  and i s  u n l i k e l y  t o  e x c e e d  t h e  
m a g n i t u d e  o f  a p o l y m e r i s e d  a n h y d r o  t r l -  
s a c c h c  r i d e .
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PART 11.
O u t l i n e  o f  Me t hod s  an d  R e s u l t s .
The i n v e s t i g a t i o n  now d e s c r i b e d ,  w h i c h  h a ?  a d i r e c t  
b e a r i n g  on Lhe q u e s t i o n  o f  t h e  c o n s t i t u t i o n  o f  i n u l i n ,  was 
commenced w i t h  a d i f f e r e n t  o b j e c t i v e  i n  v i e w .  I n  t h e  f i r s t  
p l a c e  i t  i s  a d v i s a b l e  t o  s t a t e  t l . a t  t h e  i n u l i n  u s e d  t h r o u g h ­
o u t  t h e  i n v e s t i g a t i o n  was  o b t a i n e d  f r o m  f o u r  s o u r c e s
( 1 )  O r i g i n a l  p r e p a r a t i o n  by I r v i n e  an d  S t e e l e
( 2 )  B r i t i s h  Drug  H o u s es
( 3 )  K e r f o o t ’ s
( 4 )  iÆja^lbaum’ s • ' - v
I r v i n e  a n d  S t e e l e  q u o t e  —3 4 .  2*^  f o r  a w a t e r  s o l u t i o n
o f  t h e i r  p r e p a r a t i o n .  The o t h e r  s u p p l i e s  o f  i n u l i n  we re
. ■ ' '
f o u n d  t o  a g r e e  c l o s e l y  w i t h  p r e p a r a t i o n  ( 1 )  i n  t h e  q u a n t i t i e s  
and  c o m p o s i t i o n  o f  d e r i v a t i v e s  y i e l d e d .
25 .
A. W h i l e  e n g a g e d  i n  an a t t e m p t  t o  p r e p a r e  a t r i a c e t y l  
f r u c t o s e  o f  t h e  y  s e r i e s  t h e  i n u l i n  \'vas a c e t y l a t e d  t o  t h e  
t r i a c e t y i  d e r i v a t i v e  a n d  t h e n ,  i n  a l c o h o l i c  s o l u t i o n ,  
h e a t e d  i n  t h e  p r e s e n c e  o f  d i l u t e  m i n e r a l  a c i d s .  T h e s e  p r o ­
c e s s e s  o f  h y d r o l y s i s ,  h o w e v e r ,  f a i l e d  t o  g i v e  a p r o d u c t  
w i t h  t h e  e x p e c t e d  p h y s i c a l  p r o p e r t i e s .  Oldham ( J .  C. S .  
192 5 .  1 2 7 .  2 84 0 )  h a d  p r e v i o u s l y  t r e a t e d  t r i a c e t y l  g l u c o s a n  
i n  c h l o r o f o r m  s o l u t i o n  w i t h  f u m i n g  n i t r i c  a c i d  a n d  ha d  
o b t a i n e d  t r i a c e t y l  g l u c o s e  1 : 6  d i - n i t r a t e , ^  t h u s  o p e n i n g  
t h e  o xy ge n  r i n g ,  b u t  c a u s i n g  no d i s p l a c e m e n t  o f  t h e  a c e t y l  
g r o u p s .  I t  was t h o u g h t ,  t h e r e f o r e ,  t h a t  i f  s i m i l a r  
m e t h o d s  we re  a p p l i e d  t o  t r i a c e t y l  i n u l i n ,  t h e  n e c e s s a r y  
a c e t y l a t e d  f o r m  o f  f r u c t o s e  m i g h t  r e s u l t .
The i n u l i n ,  i n  a h i g h l y  d r i e d  c o n d i t i o n ,  was s u b j e c t e d  
t o  t h e  a c é t y l a t i o n  p r o c e s s  o u t l i n e d  by P r i n g s h e i m ,  d e t a i l s  o f  
w h i c h  a r e  g i v e n  iirt P a r t  11 1 ,  a n d  t r i a c e t y l  i n u l i n  was t h u s  
o b t a i n e d .  In a p p e a r a n c e  i t  was w h i t e  and  a m o r p h o u s ,  i n  h o t
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a l c o h o l i c  and  c o l d  c h l o r o f o r m  s o l u t i o n s  shovi ing  a f a i n t l y  
r e d  c o l o u r .  l h e  y i e l d s  we r e  i n  t h e  r e g i o n  o f  8 3 ^  o f  t h e  
t h e o r e t i c a l  a m o u n t ,  a n d  c o n t i n u e d  p u r i f i c a t i o n  f a i l e d  t o
A
i n d u c e  c r y s t a l l i s a t i o n .  o.This t r i a c e t y l  i n u l i n  showed a 
s p e c i f i c  r o t a t i o n  i n  c h l o r o f o r m  s o l u t i o n  =  - 3 3 . 9 ^  a n d
an a c e t y l  c o n t e n t  o f  4 1 . 9 “^  ( c a l c u l a t e d  f o r  t r i a c e t y l  i n u l i n  
-  4 4 .7 8%  ) .
D i s r u p t i o n  o f  t h e  p o l y s a c c h a r i d e  m o l e c u l e  was t h e n  
a t t e m p t e d  by t h e  a c t i o n  o f  f u m i n g  n i t r i c  a c i d .  The m o s t  
f a v o u r a b l e  c o n d i t i o n s  f o r  t h e  r e a c t i o n  w e r e  f o u n d  by 
v a r y i n g  t h e  c o n c e n t r a t i o n s  o f  a c i d  f r o m  : -
( a )  t h a t  g i v e n  by 10 c c . o f  f u m i n g  n i t r i c  a c i d  ( S p . g .  =  1 . 5 5 )
i;- i n  90  c c .  o f  c h l o r o f o r m
upon 5 g .  t r i a c e t y l  i n u l i n  
t o  ( b )  t h a t  g i v e n  by 70 c c .  o f  f u m i n g  n i t r i c  a c i d
i n  30  CO. o f  c h l o r o f o r m
upon 5 g .  o f  t r i a c e t y l  i n u l i n
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Ti e r e a c t i o n  vias a l l o w e d  t o  p r o c e e d  l o r  p e r i o d s  v a r y i n g
f r o m  f i v e  t o  one h u n d r e d  m i n u t e s .  The b e s t  r e s u l t s  were
o b t a i n e d  when bO c c .  o f  l u m i n g  n i t r i c  a c i d  and  70 c c .  o f  
c h l o r o f o r m  were  u s e d ,  ohe t r e a t m e n t  b e i n g  e x t e n d e d  l o r  
! 30  m i n u t e s .  Tiie c h l o r o f o r m - n i t r i c  s o l u t i o n  was t h e n
p o u r e d  i n t o  c o l d  w a t e r  c o n t a i n i n g  a l a r g e  q u a n t i t y  o f  i c e ,  
a n d  t h e  a c i i  was t h u s  r e m o v e d ,  a c l e a r  a m b e r - c o l o u r e d , 
m o b i l e  s y r u p  b e i n g  i s o l a t e d .  T h i s  s y r u p  r e d u c e d
F e h l i n g ’ s s o l u t i o n .  D u r i n g  t e s t  e x p e r i m e n t s  t h e
f i n a l  s p e c i f i c  r o t a t i o n s  we re  f o u n d  t o  r a n g e  f r o m  
t o  r.^1 - The r o t a t i o n  shown a f t e r  t h e  a c t i o n
^ b
o f  f u m i n g  n i t r i c  a c i d  i n  c h l o r o f o r m ,  i n  t h e  r a t i o  o f
30  c c .  t o  70 c c .  upon  5 g . o f  t r i a c e t y l  i n u l i n ,  was
 ^ -  4- 34- 0^ , a n d  a f t e r  i s o l a t i o n  t h e  p r o d u c t
g a v e  [d]p  - 0^ i n  c h l o r o f o r m  s o l u t i o n ,
ho n e g a t i v e  v a l u e s  i n  s p e c i f i c  r o t a t i o n  w e r e  g i v e n ,  
a n d  i t  was e v i d e n t  t h a t  t h e  f i r s t  r e a c t i o n  h a d
2 8 .
p r o c e e d e d  a l m o s t  i m m e d i a t e l y  on a d d i t i o n  o f  t h a  a c i d .
On . t r e a t i n g  t h e  s y r u p  w i t h  m e t h y l  a l c o h o l  a n d  b a r i u m  
c a r b o n a t e ,  f r u c t o s i d e  f o r m a t i o n  t o o k  p l a c e ,  b u t  t o  a 
l i m i t e d  an d  v a r i a b l e  e x t e n t  a n d  a f a l l  i n  p o s i t i v e  
r o t a t i o n  was shown.  The compound i s o l a t e d ,  a c l e a r  a n d  
m o b i l e  s y r u p ,  g a v e  a p o s i t i v e  t e s t  f o r  a n i t r a t e  and  was 
t h o u g h t  t o  be  t r i a c e t y l  m e t h y l  f r u c t o s i d e  m o n o - n i t r a t e ,  b u t  
a n a l y s i s  d i d  n o t  a g r e e  w i t h  t h i s  v i e w .
h o u n d .  ■ C a l c u l a t e d  v a l u e s  f o r
t r i a c e t y l  m e t h y l  f r u c t o s i d e  
m o n o - n i t r a t e .
OMe =  4 . 7 #  OMe =  8 . 1 1 5 #
Ac z: 4 2 . 2 #  Ac =  3 5 . 6 #
R e p e a t e d  d i v e r g e n c e  f r o m  t h e o r y  was f o u n d  i n  t h e  a n a l y t i c a l  
r e s u l t s  a n d  i t  was noc p o s s i b l e  t o  come t o  a d e f i n i t e  c o n ­
c l u s i o n  a s  t o  t h e  n a t u r e  o f  t h i s  compound o r  t h a t  o f  t h e  
o r i g i n a l  sy rup . ,  w h i c h  was a s s u m e d  t o  be  t r i a c e t y l  f r u c t o s e  
d i - n i t r a t e .
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At  t h i s  s t a g e ,  d u r i n g  a t t e m p t e d  p u r i f i c e  c i o n ,  t h e  o r i g i n a l  
s y r u p  \^as d i s s o l v e d  i n  h o t  a b s o l u t e  a l c o h o l ,  whe n ,  on 
c o o l i n g ,  c r y s t a l s  s e p a r a t e d .  A t t e n t i o n  uvas a c c o r d i n g l y  
d i r e c t e d  t o  t h e  i s o l a t i o n  a n d  p u r i f i c a t i o n  o f  t h e  p r o d u c t ,  
and  s e v e r a l  m e t h o d s  we re  a t t e m p t e d .  l h e  a c i d  f r o m  t h e  
c h l o r o f o r m - n i t r i c  s o l u t i o n  c o u l d  bo r emove d  i n  t h r e e  
w a y s : -
( 1 )  by n e u t r a l i s a oion  w i t h  c a l c i u m  c a r b o n a t e
( 2 )  by s h a k i n g  w i t h  d i l u t e  s o d i u m  b i h c a r b o n a t e l s o l u t i o n
( 2 )  by  s h a k i n g  w i t h  i c e - v j a t e r
Of t h e s e  m e t h o d s  t h e  l a t t e r  p r o v e d  t o  be  %,he m o s t  s u i t a b l e  
a n d ,  i n  o r d e r  t o  d e s t r o y  an y  t r a c e  o f  a c i d  t h e r e a f t e r  
r e m a i n i n g ,  t h e  c h l o r o f o r m  s o l u t i o n  was t a k e n  t o  d r y n e s s  i n  
t h e  p r e s e n c e  o f  b a r i u m  c a r b o n a t e .  C r y s t a l l i s a t i o n  was 
f o u n d  a l s o  t o  t a k e  p l a c e  when t h e  s y r u p  was d i s s o l v e d  i n  t h e  
minimum q u a n t i t y  o f  a b s o l u t e  a l c o h o l  a n d - p u r e  d r y  e t h e r
a d d e d  u n t i l  no f u r t h e r  c l o u d i n g  was c a u s e d  i n  t h e  s o l u t i o n .
3 0 .
The y i e l d  o f  t h e  c r y s t a l l i n e  body f r o m  t h e  s y r u p  v a r i e d  
b e t w e e n  2 2 ^  a nd  25 ^  by w e i g h t , a n d  f r o m  t h e  t r i a c e t y l  i n u l i n
u s e d  a m o u n t e d  t o  a p p r o x i m a t e l y  2 0 ^  by w e i g h t .  A f t e r
c a r e i u l  p u r i f i c a t i o n  a n ] r e - c r y s t a l l i s a t i o n  f r o m  a b s o l u t e
a l c o h o l ,  d r y i n g  t h e  p r o d u c t  a t  60 C u n d e r  d i m i n i s h e d  p r e s s u r e .
i t  was i s o l a t e d  i n  t h e  f o r m  o f  s n o w - w h i t e ,  n e e d l e - s h a p e d
c r y s t a l s ,  w i t h  a m e l t i n g - p o i n t  o f  T23®C a n d  a s p e c i f i c  
r o t a t i o n  o f  = d- l . s ' '  i n  c h l o r o f o r m .  Much i n v e s t i g a t i on
was e x p e n d e d  on t h i s  compound w h i c h  was f i n a l l y  i d e n t i f i e d
a s  h e i a r a c e t y l  a n h y d r o  d i - f r u c t o s e ,  w i t h  one  m o l e c u l e  o f
a c e t i c  a c i d  o f  c r y s t a l l i s a t i o n .  T h i s  g a v e  t h e  f o l l o w j i n g
a n a l y s i s  : -
Found
C = 4 9 . 2 , < 4 9 . 1 5  4 8 . 9 9 ^
H =  5 . 8 6 4 5 . 6 0  Q,2%
Ac =  6 4 . 4  ^
C a l c u l a t e d  for.:, h e x a - a c e t y l  
a n h y d r o  d i - f ruc tosed-CH^GOOH
C = 4 9 . 0 5  i
H =  5 • 6 6  ^
Ac = 6 6  . 0  ^
Tne comipound gave  no r e d u c t i o n  o f  F e h l i n g ' s s o l u t i o n ,  b u t
a f t e r  p r o l o n g e d  h e a t i n g  w i t h  c o n c e n t r a t e d  a c i d s ,  r e d u c t i o n
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was e f f e c t e d ,  i n d i c a t i n g  t h e  o p e n i n g  o f  t h e  a n h y d r o  r i n g .
The s y r u p  r e m a i n i n g  a f t e r  t h e  i s o l a t i o n  o f  t h e  c r y s t a l l i n e  
\ \  compound was f o u n d  t o  g i v e  a n  a p p r o x i m a t e  a n a l y s i s  f o r  a
t r i a c e t ^ ' l  e t h y l  f r u c t o s i d e  m o n o ^ n i t r a t e . The  u n s a t i s f a c t o r y  
a n a l y s i s  o t t s i n e d  p r e v i o u s l y  on t h e  t r i a c e t v l  m e t h y l  f r u c t o ­
s i d e  m o n o - n i t r a t e  c o u l d  now he e x p l a i n e d  by  t h e  p r e s e n c e  o f  
v a r y i n g  a m ou n t s  o f  t h e  c t y s t a l i l  i n e  compound i n  t h e  s y r u p .
D r . J . W . H . O l d h a m  ( S t . A n d r e w s  U n i v e r s i t y )  by  b o i l i n g  
t r i a c e t y l l i n u l i n  w i t h  a c e t i c  a c i d  c o n t a i n i n g  0 . 0 3 ^  s u l p h u r i c  
a c i d  was a b l e ,  by  s u i t a b l e  m e t h o d s  o f  i s o l a t i o n ,  t o  o b t a i n  
c r y s t a l s  o f  h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e .  T h i s  d i s p o s e s  
o f  any  p o s s i b i l i t y  t h a t  t h e s e  c r y s t a l s  a r e  i n  any  way due  t o  
t h e  a c t i o n  o f  n i t r i c  a c i d  on t h e  i n u l i n  t r i a c e t a t e  u s e d .
S e v e r a l  a t t e m p t s  we re  made t o  c o n c l u d e  t h e  i d e n t i f i c a t i o n  
o f  t h e  c r y s t a l l i n e  com.pound by  p r a c t i c a l  d e t e r m i n a t i o n  o f  i t s  
m o l e c u l a r  w e i g h t .  The c r y o s c o p i c  m e t h o d  was a d o p t e d ,  an d  
b o t h  b e n z e n e  a nd  g l a c i a l  a c e t i c  a c i d  u s e d  a s  s o l v e n t s .
3R.
W i t h  t h e  e x c e p t i o n  o f  one s e r i e s  o f  r e s u l t s  w h i c h  a r e  h e r e  
g i v e n ,  t h e  v a l u e s  o n t a i n e d  d i f f e r d  c o n s i d e r a b l y  
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T h i s  i s  n o t  i n  a c c o r d a n c e  w i t h  t h e  t h e o r e t i c a l  v a l u e  f o r  
h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e  w i t h  one m o l e c u l e  o f  a c e t i c  
a c i d ,  t h e  c a l c u l a t e d  m o l e c u l a r  w e i g h t  o f  w h i c h  i s  6 3 6 .  The 
l o w e r i n g  o f  t h e  m o l e c u l a r  w e i g h t  c a n  o n l y  be e x p l a i n e d  by t h e  
p a r t i a l  d i s s o c i a t i o n  o f  t h e  compound t o  h e x a - a c e t y l  a n h y d r o  
d i - f r u c t o s e  and  a c e t i c  a c i d .  C a l c u l a t i o n  shov;s t h a t  b% 
d i s s o c i a t i o n  w ou l d  be  s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  
d i s c r e p a n c y  f o u n d .
I n  o r d e r  t o  o b t a i n  t h e  p a r e n t  b o d y  o f  h e x a - a c e t y l  
a n h y d r o  d i - f r u c t o s e ,  t h e  a c e t y l  g r o u p s  w e r e ' r e m o v e d  a s  
d i m e t h y l  a c e t a m i d e  by  a c t i n g  u p o n  t h e  c r y s t a l s  w i t h  3 ^  
d i m e t h y l e m i n e  i n  m e t h y l  a l c o h o l .  A c l e a r  s o i u t l b n n w a s  g i v e n  
a f t e r  2 0 m i n u t e s ,  an d  a h a r d  g l a s s  i s o l a t e d .  By d i s s o l v i n g  
t h e  g l a s s  i n  t h e  minimum q u a n t i t y  o f  a b s o l u t e  a l c o h o l ,  and  
r e - p r e c i p i t a t i n g  by  d r y  e t h e r ,  t r a r i s p t t e n t , h i g h l y  h y g r o -
S p e c i f i c  a o T f M i o N
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s c o p i c  s p h e r o i d  c r y s t a l s  i^ere f o r m e d .  These  a p p e a r e d  t o  be
c r y s t a l s  o i  a n h y d r o  d i - f r u c t o s e .  T h i s  compound h a s  a m . p . 
o f  143^ - - 1 4 5 ^  C . ,  shows a r o t a t i o n  o f  + 3 0 . 1 7 °  i n
w a t e r ,  and  gav e  on a n a l y s i s
f o u n d  C a l c u l a t e d  v a l u e  f o r
d i - f r u e t o s a n
C =  4 4 . 4 9  % 0 =  4 4 . 4 4  t
H =  6 . 2 8 J ^  H =  6 . 1 7  ^
Ac ~  1 . 4  % Ac =  0 . 0  ^
M o l . w t .  =  15 9 ,  169 ,  li?9 M o l . w t .  =  324
The m olecu lar  w eight  lound wa-s e x a c t l y  one h a l f  o f  th a t
r e q u i r e d  by d i - f r u c t o s a n . I t  i s  t h o u g h t ,  h o w e v e r ,  t l  a t  t h i s
c h a n g e  was c a u s e d  by d e p o l y m e r i s a u i o n  i n  a q u e o u s  s o l u t i o n .
On r e - a c e t y l a t i o n  w i t h  a c e t i c  a n h y d r i d e  a n d  sod iu m  a c e t a t e ,
a y i e l d  ( a p p r o x i m a t i n g  c l o s e l y  t o  t h a t  r e q u i r e d  by t h e o r y )
o f  t h e  t r i a c e t y l  a n h y d r o  d i - f r u c t o s e  was o b t a i n e d .  A f t e r
a c i d  h y d r o l y s i s  t h e  abov e  d i - f r u c t o s a n  g a v e  g l u c o s e  zone
( m . p .  2 0 4 ^ 0 . )  when h e a t e d  w i t h  p h e n y l - h y d r a z i n e  a nd  g l a c i a l
a c e t i c  a c i . i ,  a n d  on h y a r o l y s i s  w i t h  an  a q u e o u s  s o l u t i o n  o f
3% o x a l i c  a c i d ,  gav e  p u r e  f r u c t o s e .  At  t h i s  s t a g e  t h e
s e r i e s  ox r e a c t i o n s  may be r e p r e s e n t e d  a s  f o l l o w s : -
3 4 .
I  nu. l i n  ( amor  pli ou s ) ^
ï r  l a  c e t  y 1 i n u  l i n  ( amor  ph ou s ) x!
T r l a c e t y l  f r u c t o s e  ' 
d i - n i t r a t e  ( s y r u p ) ^
Tr i  a G e t y 1 me t h y 1 
f r u c t o s i d e  mono-  
n i t r a t e  ( s y r u p ) ^
o y r u p  m i x t u r e
Tria c e t y 1
f  r u e  t o s i d . e  
m o n o - n i t r a t e  
( s y r u p )  4
H e x a - a c e t y l  a n h y d r o  
d i - f r u c t o s e  
-f CHjCOOH 
f c r y  8 t e  l l i n e  ) cf
D i - f r u c t o s a n  
( c r y s t a l l i n e )  S
i
F r u c  t o s e  
( c r y s t a l l i n e  )
B. As n o t e d  i n  P a r t  1 . ,  a c i d  h y d r o l y s i s  o f  i n u l i n  y i e l d s  t h e
n o r m a l ,  l a e v o - r o t e t o r y  f r u c t o s e ,  w h e r e a s  a l i k e  h y d r o l y s i s  
o f  t h e  t r i m e t h y l  i n u l i n  g i v e s  t r i m s t h y 1 y  f r u c t o s e , I t  
i s  q u i t e  i n  a c c o r d a n c e  w i t h  t h e s e  r e s u l t s ,  t h e r e f o r e , t h a t
t h e  d i - f r u c t o s a n  d e s c r i b e d  i n  t i e  p r e s e n t  r e s e a r c h  i s  c o n ­
v e r t e d  t o  t h e  n o r m a l  k e t o s e , w h i l e  t r i m e t h y l  f r u c t o s a n  s h o u l d  
on h y d r o l y s i s ,  g i v e  t r i m e t h y l  y  f r u c t o s e . W i t h  t h i s  o b j e c t
i n  v i e w ,  t h e  d i - f r u c t o s a n  was s u b j e c t e d  t o  t h e  p r o c e s s  o f
o o
o f  m é t h y l a t i o n .  A f t e r  f o u r  t r e a t m e n t s  -with m e t h y l  s u l p h a t e  
an 3 s o d i u m  h y d r o x i d e  t h e  m e t h o x y  c o n t e n t  o f  t h e  p r o d u c t  
was f o u n d  t o  be  lovjer  t h a n  t h a t  r e q u i r e d  f o r  a f u l l y  m e t h y l ­
a t e d  a n h y d r o  f r u c t o s e  ( f o u n d  Olle =  4 3 . 2 ^  Ca l c u l a t e d  f o r  
h e x a - m e t h y l  a n h y i r o  d i - f r u c  t o s e  OMe =  4 5 . 5 8 ^  ) On 
c o n t i n u e d  m é t h y l a t i o n  by  t h e  a c t i o n  o f  s i l v e r  o x i d e  and 
m e t h y l  i o d i d e  a m o b i l e  s y r u p  vjas i s o l a t e d  a s  t h e  p r o d u c t .
T h i s  showed a r e f r a c t i v e  i n d e x  =  1 . 4 7 3 0 °  a n d  =  +  2 3 . 8 ^
i n  c h l o r o f o r m  s o l u t i o n .  The s y r u p  a f t e r  d i s t i l l a t i o n  u n d e r  
d i m i n i s h e d  p r e s s u r e  p r o v e d  on a n a l y s i s  t o  be  h e x a - m e t h y l  
a n h y d r o  d i - f r u c t o s e .
r o u n d  C a l c u l a t e d  f o r  h e x a - m e t h y l
a n h v d r o  d i - f r u c t o s e
C =  5 2 . 7 4  i  ' C =  5 2 . 9 4  fa
H =  8 . 1 4  ^  H =  7 . 8 4  9^
OMe =  4 5 . 6 8  fa ' OMe =  4 5 . 5 8  fo
T h r e e  f r a c t i o n s  i n  a l l  iwere o b t a i n e d  by t h e  a b ove
d i s t i l l a t i o n  a n d  t h e  r e f r a c t i v e  i n d i c e s  shovm by t h em
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I n d i c a t e d  t h a t  t h e  s y r n p  was ho m ogeneous  i n  c o m p o s i t i o n .
I t  was d e c i d e  a t o  t r e a t  h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e  
w i t h  a c i d  m e t h y l  a l c o h o l  i n  t h e  ho pe  t h a t  t h e  a n h y d r o  r i n g  
w o u l d  be o p e n e d  and f r u c t o s i d e  fo rma  t i o n  t a k e  p l a c e .  On 
t h e  f i r s t  o c c a s i o n  t h i s  was a t t e m p t e d  by h e a t i n g  t h e  compound 
i n  a s o l u t i o n  o f  m e t h y l  a l c o h o l  c o n t a i n i n g  0 . 5 5 ' ^  h y d r o c h l o r i c  
a c i d ,  t h e  t e m p e r a t u r e  b e d n g  m a i n t a i n e d  a t  6 6 * C. A f t e r  
f o u r  and  a h a l f  h o u r s  t h e  o p t i c a l  r o t a t i o n  h a d  a l t f ^ r e d  
f rom j .  " t o  a n d  t h e  p r o d u c t
t h e n  i s o l â t ' - d .  D i s t i l l a t i o n  o f  t h i s  p r o d u c t ,  a c l e a r  
s y r u p  w h i c h  showed o n l y  a s l i g h t l y  i n c r e a s e d  m o b i l i t y  t o  
t h e  m o b i l i t y  o f  h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e , g a v e  two 
s y r u p s  w i t h  t h e  r e f r a c t i v e  i n d i c e s  1 . 4610"  and
1 . 4 7 2 5 " , and  an a p p r e c i a b l e  q u a n t i t y  o f  decomposed  
ma t e r  i a  1.
Co m pa r i so n  o f  t i e  p h y s i c a l  p r o p e r t i e s  showed t h a t  t h e  
s e c o n d  f r a c t i o n ,  w i t h  ">]^ = 1 . 4 7 2 5 " ,  was u n c h a n g e d  he xa  - m e t h y l
3 7 .
a n h y d r o  d i - f r u c t o s e .  On a n a l y s i s ,  t h e  f i r s t  f r a c t i o n  g a v e
a m e t h o x y  c o n t e n t  o f  4 5 . 7 3 ^ ,  shovj ing  t h a t  f r u c t o s i d e
fo r m s  Lion ha i n o t  t a k e n  p l a c e ,  ( C a l c u l a t e d  f o r  h e x a - m e t h y l
a n h y d r o  d i - f r u c t o s e  OMe =  45 .58*^) .  Tlie p h y s i c a l  p r o p e r t i e s
n e v e r t h e l e s s ,  vjere d i f f e r e n t  t o  t h o s e  shov;n by h e x a - m e t h y l
a n h y d r o  d i - f r u c  t o s e .
I t  \^as d e c i d e d  t h e r e f o r e ,  t o  s u b j e c t  h e x a  - m e t h y l
a n h y d r o  d i - f r u c t o s e  t o  a n o t h e r  a n d  mor e  d r a s t i c  t r e a t m e n t .
The compound was d i s s o l v e d  i n  m e t h y l  a l c o h o l  c o n t a i n i n g
0 . 4 3 ^  h y d r o c h l o r i c  a c i d  and  t h e  s o l u t i o n  h e a t e d  a t  100°  C .
i n  a s e a l e d  t u b e .  Tie  h e a t i n g  ■'.’«as c o n t i n u e d  f o r  s e v e n t e e n
h o u r s  a f t e r  w h i c h ,  owing t o  i n c r e a s i n g  d i s c o l o u r a t i o n  i n
t h e  s o l u t i o n  i t  was c o n s i d e r e d  a d v i s a b l e  t o  i s o l a t e  t h e
p r o d u c t .  T i e  s y r u p  so  o b t a i n e d  g a v e  two f r a c t i o n s  on
d i s t i l l a t i o n ,  t h e  f i r s t  f r a c t i o n  a n a l y s i n g  a s  a f u l l y
, m e t h y l a t e d  an'i y i r o  d i - f  r u e  u o s e , y e t  s h o w i n g  d i f f e r e n t
»
p h y s i c a l  p r o p e r t i e s  t o  t h o s e  o f  h e x a - m e t h y l  a n h y d r o  d i -
38 .
f r u c t o s e ,  w h i l e  t h e  s e c o n d  f r a c t i o n  p r o v e d  t o  be  u n c h a n g e d  
h e x a - m e t h y l  a n h y d r o  d i - f r u e r o s e .
I 'hus  i t  became  e v i d e n t  t h a t  t h e  a n h y d r o  s t r u c t u r e  
p o s s e s s e d  by h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e  was r e s i s t a n t  
a n d  t o  a v e r y  h i g h  d e g r e e ,  t o  h y d r o l y s i s ,  f o r ,  f r o m  t h e  
a t t e m p t s  t o  f o r m  t h e  m e t h y l a t e d  f r u c t o s i d e ,  t h e r e  h a d  been  
i s o l a  t e d  : -
( 1 )  À compound a g r e e i n g  w i t h  h e x a - m e t h y l  a n h y d r o
d i - f r u c t o s e  i n  a n a l y s i s ,  b u t  d i f f e r i n g  i n
\
p h y s i c a l  p r o p e r t i e s ,  
a n d  ( 2 )  U nc han ge d  h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e .
f u r t h e r m o r e  t h e r e  i s  s t r o n g  i n d i c a t i o n  t h a t  d e p o l y m e r i s o t i o n  
o f  t h e  h e x a - m e t h y l  d e r i v a t i v e  had  t a k e n  p l a c e  a n d  t h a t  t h e  
f i r s t  f r a c t i o n  i n  b o t h  c a s e s  was a c t u a l l y  t r i m e t h y l  a n h y d r o  
f r u c t o s e .
The s e c o n d  p e r t  o f  t h e  e x p e r i m e n t a l  w o r k  c a r r i e d  o u t  
ma y be  r e p e s e n t e d  a s  f o l l o w s : -
39.
a n h y d r o  d i - f r u c t o s e  
( c r y s t a l l i n e )
S
i
h e x a - m e t h y l  a.nhyi . ro d i - f r u c  t o s e  
( s y r u p )
t r i m e t h y  1 a n h y i r o  f r u c t o s e  
( s y r u p )
h e x a - m e t h y l  a n h y i r o  d i -
f r u c t o s e
( s y r u p )
à
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RART 111.
E x p e r i m e n t a l ,
As s t a t e d  i n  P a r t  1 1 . ,  t h e  i n u l i n  u s e d  f o r  t h e
i n v e s t i g a t i o n s  was o n t a i n e d  f r om  f o u r  s o u r c e s ,  a nd  no
v a r i a t i o n  was f o u n d  i n  t h e  c o m p o s i t i o n  o r  t h e  w e i g h t s  o f
t h e  d i f f e r e n t  p r o d u c t s  o b t a i n e d  f r o m  t h e s e  s u p p l i e s .
1 .  P r e p a r a t i o n  o f  t r i a c e t y l  i n u l i n  f r o m  i n u l l n .
The  a c é t y l a t i o n  o f  i n u l i n  was c a r r i e d  o u t  i n  t h e  m an ne r
' /
d e s c r i b e d  by P r i n g s h e i m  ( l o c . c i t . ) ,  a t y p i c a l  e x p e r i m e n t ,  
b e i n g  h e r e  g i v e n : -
A m i x t u r e  o f  18 g .  o f  i n u l i n ,  100 c c .  o f  p y r i d i n e  ____ •
p r e v i o u s l y  d i s t i l l e d  o v e r  s o l i d  p o t a s s i u m  h y d r o x i d e  ___
and  70 c c .  o f  a c e t i c  a n h y d r i d e  w&9 h e a t e d  i n  a f l a s k  
u n d e r  a r e f l u x  c o n d e n s e r ,  t h e  t e m p e r a t u r e  b e i n g  m a i n t a i n e d  
a t  1 40°  C . The r e a c t i o n  p r o c e e d e d  v i o l e n t l y  and  
a f t e r  t w e n t y  m i n u t e s  a s o l u t i o n  was o b t a i n e d .  The
4 1 .
s o l u t i o n  -was a l l o w e d  t o  c o o l ,  a n d  on p o u r i n g  i t  i n t o  
I t  l i t r e s  o f  c o l d  v j a t e r  a brown s o l i d  s e p a r a t e d .
Tlie s o l i d  was f i l t e r e d ,  washed  w i t h  w a t e r  u n t i l  f r e e  
o f  p y r i d i n e ,  and  d r i e d  i n  a va cuu m d e s i c c a t o r  o v e r  
s u l p h u r i c  a c i d  and s o l i d  p o t a s s i u m  h y d r o x i d e .
W e i g h t  o f  c r u d e  p r o d u c t  =  26 g .
2 .  P u r i f i c a t i o n  o f  c r u d e  t r i a c e t y l  i nu l ' n
i h e  c r u d e  t r i a c e t y l  i n u l ' n  t h u s  o b t a i n e d ,  was d i s s o l v e d  
i n  a s u f f i c i e n c y  o f  h o t  r e c t i f i e d  s p i r i t  and p o u r e d  w h i l e  
i n  h o t  s o l u t i o n  i n t o  1 |  l i t r e s  o f  c o l d  w a t e r .  A w h i t e  
, s o l i d ' . s e p a r a t e d ,  an  3 a f t e r  a c i d i f i c a t i o n  o f  t h e  w a t e r  
w i t h  a few d r o p s  o f  d i l u t e  h y d r o c h l o r i c  a c i d ,  t h e  
s o l i d  s e t t l e d .  I t  was f i l t e r e d  an d  w a s h e d  r e p e a t e d l y  
w i t h  w a t e r ,  a l l o w e d  t o  d r y  i n  a va cuum d e s i c c a t o r ,  
a n d  f i n a l l y  p u l v e r i s e d .
Vifeight o f  p u r i f i e d  t r i a c e t y l  i n u l > n  — 20 g .
T r i a c e t y l  i n u l i n  o b t a i n e d  i n  t h e  a b o v e  m an n e r  i s  a w h i t e
4 2 .
a m o r p h o u s  compound w i t h  t h e  f o l l o w i n g  p r o p e r t i e s  : -
1.  M.p .  =  9 7 °  0.
2 .  [j^l  ^ =  “3 3 . 9 °  i n  c h l o r o f o r m .  C =  2 . 5 0 1
3 .  =  “3 7 . 1 5 °  in- g l a c i a l  a c e t i c  a c i d .  C =  2 . 5 2 2
4 .  I n s o l u b l e  i n  h o t  an I i n  c o l d  w a t e r .
5 .  S o l u b l e  i n  h o t  e t h y l  a l c o h o l ,  s e p a r a t i n g  on c o o l i n g  
t o  a n  a d h e r e n t  gum.
6 .  S o l u b l e  i n  c o l d  a c e t o n e .
The a c e t y l  c o n t e n t  was f o u n d  t o  be 4 1 . 7 8  ( C a l c u l a t e d
f o r  t r i a c e t y l  i n u l i n  Ac =  4 4 . 7 3  fo )
3 .  P r e p a r a t i o n  o f  a s y r u p  m i x t u r e  o f  h e x a - a c e t y l  a n h y d r o  
d i - f r u c t o s e  and t r i a c e t y l  f r u c t o s e  d i - n i t r a t e  f r o m  
t r i a c e t y l  i n u l i n .
The p r i m a r y  o b j e c t  i n  v i e w  b e i n g  t h e  p r o d u c t i o n ,  i n  a s  
l a r g e  q u a n t i t y  a s  p o s s i b l e  o f  a n  a c e t y l a t e d  d e r i v & t i v e  o f  
f r u c t o s e  f r o m  t r i a c e t y l  i n u l i n ,  a s e r i e s  o f  e x p e r i m e n t s  we re  
c a r r i e d  o u t  on t r i a c e t y l  i n u l i n  by u s i n g  v a r y i n g  c o n c e n t r a t i o n s
4 3 .
o f  f u m i n g  n i t r i c  a c i : l  i n  c h l o r o f o r m  s o l u t i o n .  When,  l a t e r ,  
i t  "v’vas d i s c o v e r e d  t h a t  h e x a - a c e t y l  a n h d r o  d i - f r u c t o s e  c o u l d
A
be o b t a i n e d ,  t h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t  w e r e  f i x e d
to  s u i t  t h e  p r o d u c t i o n  o f  t h i s  compound.  The p r o c e d u r e
f i n a l l y  a d o p t e d  was a s  f o l l o w s : -
5 g .  o f  c a r e f u l l y  d r i e d  t r i a c e t y l  i n u l i n  we r e  d i s s o l v e d  
i n  70 c c .  o f  c h l o r o f o r m  i n  a f l a s k ,  an d  30  cc^  o f  
f u m i n g  n i t r i c  a c i d  ( s p e c i f i c  g r a v i t y  =  1 . 5 5 )  a d d e d .  
D u r i n g  t h e  r e a c t i o n  w h i c h  f o l l o w e d ,  h e a t  was e v o l v e d »
A n h y d r o u s  p h o s p h o r i c  a c i d  was a d d e d  f r o m  t im e  t o  t i m e
i n  o r d e r  t o  remove  a l l  t r a c e s  o f  w a t e r ,  a n d  t h e  f l a s k  
was s t o p p e r e d  be tw ee n  t h e  a d d i t i o n s .  A f t e r  t h i r t y  
m i n u t e s  a c l e a r  s o l u t i o n  was o b t a i n e d .  T h i s  was 
c o o l e d  and  p o u r e d  i n t o  a s e p a r a t i n g  f u n n e l  c o n t a i n i n g  
200 c c .  o f  w a t e r  a n d  a l a r g e  q u a n t i t y  o f  i c e .  'The 
c o n t e n t s  o f  t h e  s e p a r a t i n g  f u n n e l  we r e  s h a k e n  u n t i l  
no c o l o u r  r e m a i n e d  i n  t h e  c h l o r o f o r m  l a y e r ,  and  t h i s
4 4 .
l a y e r  was t i e n  r u n  I n t o  a b e a k e r  a nd  a n h y d r o u s  sod iu m 
s u l p h a t e  a d d e d .  On b e c o m i n g  c l e a r  t h e  s o l u t i o n  was 
f i l t e r e d ,  p o u r e d  i n t o  a d i s t i l l a t i o n  f l a s k  c o n t a i n i n g  
a p i n c h  o f  b a r i u m  c a r b o n a t e  a n d  t h e  c h l o r o f o r m  r e m o v e d  
by d i s t i l l a t i o n .  A f t e r  t h e  a d d i t i o n  o f  f r e s h  c h l o r o ­
f o r m ,  f i l t r a t i o n  t o  r emove  s o l i d  m a t t e r  a n d  f i n a l  
d i s t i l l a t i o n  o f  t h e  c h l o r o f o r m ,  a c l e a r  y e l l o w ,  m o b i l e  
s y r u p  r e m a i n e d .  I h i s  was d r i e d  a t  lOO^C u n d e r  
d i m i n i s h e d  p r e s s u r e .
W e i g h t  o f  s y r u p  -  4 . 3 5  g m s .
P r o p e r t i e s  o f  s y r u p
1.  R e d u c e d  P e h l i n g ' s  S o l u t i o n .
2 .  I n s o l u b l e  i n  w a t e r .
3 .  Gave a p o s i t i v e  t e s t  f o r  n i t r a t e .
4 .  ( =  - f  34^ ( b e f o r e  i s o l a t i o n ) .
) =  4- 22^ i n  c h l o r o f o r m  ( a f t e r  i s o l a t i o n ) .
c =  2 . 2 8 1 5
A l t e r n a t i v e  m e t h o d s  f o r  t h e  r e m o v a l  o f  n i t r i c  a c i d  f r o m
4 5 .
t h e  c h l o r o f o r m - n i t r i c  s o l u t i o n  we r e  a t t e m p t e d .
( a )  A d i l u t e  s o l u t i o n  o f  s od iu m  b i c a r b o n a t e  was  u s e d  
i n  t h e  s e p a r a t i n g  f u n n e l  i n  p l a c e  o f  i c e - w a t e r .  T h i s  
was n o t  so  e f f e c t i v e  a s  i c e - w a t e r  and  t h e  y i e l d  o f  
p r o d u c t  was d i m i n i s h e d .
(b )  Hie a c i d  c o u l d  be  n e u t r a l i s e d  by  t h e  a d d i t i o n  o f  
c a l c i u m  c a r b o n a t e  t o  t h e  c h l o r o f o r m  s o l u t i o n .
G r e a t  h e a t  was e v o l v e d  a n d  t h e  y i e l d s  o f  s y r u p  v a r i e d  
c o n s i d e r a b l y ,  b e i n g  i n  no c a s e  e q u a l  i n  w e i g h t  t o  t h a t  
o b t a i n e d  a f t e r  t h e  u s e  o f  i c e - w a t e r .
4 .  P o l e r i m e t r i e  s t u d y  o f  t h e  a c t i o n  o f  f u m i n g  n i t r i c  3 c i d  
i n  c h l o r o f o r m  s o l u t i o n  upon  t r i a c e t y l  i n u l i n .
The c o u r s e  o f  t h e  r e a c t i o n  was f o l l o w e d  p o l a r i m e t r i c a l l y  
Owing t o  c l o u d i n g  i n  t h e  s o l u t i o n  t h e  i n i t i a l  s p e c i f i c  
r o t a t i o n  c o u l d  n o t  be  t a k e n ,  b u t  a r e a d i n g  was p o s s i b l e  a f t e r  
f i v e  m i n u t e s .  No s h a n g e  i n  s p e c i f i c  r o t a t i o n n w a s  g i v e n  
a f t e r  30 m i n u t e s .  I t  was a p p a r e n t  t h a t  t h e  f i r s t  r e a c t i o n  h a d
4 6 .
p r o c e e d e d  i m m e d i a t e l y  on t h e  a d d i t i o n  o f  t h e  f u m i n g  n i t r i c  
a c i d .
UiBLE 1.
,
TIME 
Hi MIhlT'fES
L =: ,1 0 =  5
5 1 -V 3 . 0 °
10 + 5 . 2 °
2 0 +  1 2 . 1°  1
25 +  1 5 . 0 °  1
30 + 3 4 . 0 °  1
40 + 3 4 . 0 ^ ^ ^  1
1.  R o t a t i o n  o f  t r i a c e t y l  i n u l i n  
=  - 3 3 . 9 °  i n  c h l o r o f o r m
G =  2 . 5 0 1
2 .  R o t a t i o n  o f  s y r u p  p r o d u c t
on i s o l a t i o n  . =  4-22 o .i n
c h l o r o f o r m C =  2 . 2 8 1 6
5 .  R e s u l t s  o b t a i n e d  f r o m  t h e  a c t i o n  o f  v a r y i n g  c o n c e n t r a t i o n s
o f  f i l m i n g  n i t r i c  a c i i i n  c h l o r o f o r m  s o l u t i o n  u p o n  t r i a c e t y l
i n u l i n .
The c o n c e n t r a t i o n  o f  a c i  h ; a s  v a r i e d  f r o m  t h e t  g i v e n  by 
10 c c .  o f  f u m i n g  n i t r i c  a c i 3  ( s p e c i f i c  g r a v i t y  =  1 . 5 5  )
47 .
i n  90  c c .  o r  c h l o r o f o r m  upon 5 g . o f  t r i e o e t y l  i n u l i n ,  
t o  t h a t  g i v e n  by 70 c c .  o f  f u m i n g  n i t r i c  a c i d  i n  30  c c .
o f  c h l o r o f o r m  upon  5 g .  o f  t r i a c e t y l  i n u l i n .
The y i e l d s  o f  s y r u p  g i v e n  by t h e  a c t i o n  o f  f r o m  10 c c .  t o  30  c c .
o f  a c i d  upon  a c e t y l a t e d  i n u l i n  r e m a i n e d  c o n s t a n t ,  b u t  i t  was 
l a t e r  f o u n d  t h a t  w i t h  10 cc* and  20 c c .  o f  a c i d  no y i e l d  o f  
c r y s t a l l i n e  h e x a - a c e t y l  a n h y i r o  d i - f r u c t o s e  c o u l d  be  o b t a i n e d  
f r o m  t h e  s y r u p .  I t  a p p e a r s  l i k e l y  t h a t  i n  e a c h  c a s e  t h e  
l a r g e r  p o r t i o n  o f  t h e  s y r u p  was u n c h a n g e d  t r i a c e t y l  i n u l i n .
When t h e  c o n c e n t r a t i o n  o f  a c i d  was g r e a t e r  t h a n  t h a t  g i v e n  
by 30  c c .  t h e  y i e l d  o f  s y r u p  d e c r e a s e d  a n d  a c o r r e s p o n d i n g  dec  
d e c r e a s e  was f o u n d  i n  t h e  y i e l d  o f  h e x a - a c e t y l  a n h y d r o  d i ­
f r u c t o s e .  I t  i s  c o n c l u d e d  f ro m  t h i s  r e s u l t  t h a t  t h e  h i g h e r  or- 
c o n c e n t r a t i o n  o f  a c i i h a i  c a u s e d  c o m p l e t e  d e c o m p o s i t i o n  o f  
p a r t  o f  t h e  t r i a c e t ^ l  i n u l i n .
Ih.e r e s u l t s  o b t a i n e d  w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
a c i d  a r e  g i v e n  i n  t h e  f o l l o w i n g  T a b l e  ( T a b l e  1 1 . )
48.
TABLE 11.
1 N o . o f  c c .  a c i d  
i n  cc . c h l o r o f o r r r
§ 1
S p e c 1 1 1 C 
r o t a t i o n  
a f t e r  30  
m i n u t e s
“Ofi i yüî5^ ' t iüf i  cTf 'TiTduc ' t
s p e c i f i c  r o t a t i o n  
i n  c h l o r o f o r m  
L =  1
[ 4 ,
PC1' C (!:! 11 " 
y i e l d  by 
m e i g h t  o f  
p r o d u c t  f r o m  
t r i a c e t y l  
i n u l i n
I’ 10 i n  90 ' -V- 1 . 0 5 ^ + 0 . 0 3 °  C 2 . 9 5 2 0 89
1 20  i n  80 -e 3 . 2 ^ 4- 0 . 7 °  C 2 . 4 3 4 4 87
1 30  i n  70 -+ 3 4 . 0 ° -t 2 2 . 0 °  C 2 . 2 8 1 6 87
40  i n  60 -t 4 4 . 0 ° + 2 5 . 6 °  C 2 . 3 8 2 4 72
50 i n  50 + 4 4 . 1 ° + 3 1 . 8 °  G 2 . 5 8 0 0 67
60  i n  40 -^ 3 5 . 1 ° + 2 5 . 1 °  C 3 . 0 9 2 0 77
70 i n  30 
.............
1 -«-48.8° + 3 5 . 7 ^  C 2 . 3 8 8 0 59
6 .  P r e p a r a t i o n  o f  t r i a c e t y l  m e t h y l  f r u c t o s i d e  m o i n o ^ n i t r a t e
2 . 1 0 9 8  g .  o f  t h e  s y r u p  o b t a i n e d  by  t h e  a c t i o n  o f  30 c c .  
o f  f u m i n g  n i t r i c  a c i d  i n  70 c c .  o f  c h l o r o f o r m  u p o n  5 g .  
o f  t r i a c e t y l  i n u l i n ,  mere  d i s s o l v e d  i n  20 c c .  o f  d r y  
m e t h y l  a l c o h o l  a n i  h e a t e d  i n  t h e  p r e s e n c e  o f  1 g .  o f  
b a r i u m  c a r b o n a t e  i n  a f l a s k  u n d e r  a  r e f l u x  c o n d e n s e r  
f o r  one  h o u r .  The s o l u t i o n  mas t h e n  f i l t e r e d  and
4 9 .
t h e  a l c o h o l  r emoved  by  d i s t i l l a t i o n .  The s y r n p  
w h i c h  r e m a i n e d  was d i s s o l v e d  i n  e t h e r ,  f i l t e r e d  an d  
t a k e n  t o  d r y n e s s  a t  60^  C. u n d e r  d i m i n i s h e d  p r e s s u r e .  
Y i e l . l  o f  s y r u p  =  2 . 0 5  g .
P r o p e r t i e s  an d  A n a l y s i s
1.  C l e a r  y e l l o w ,  f a i n t l y  m o b i l e  s y r u p .
2 .  Did  n o t  r e d u c e  P e h l i n g ' s  s o l u t i o n .
3 .  Dave a p o s i t i v e  t e s t  f o r  n i t r a t e .
4 .  R e f r a c t i v e  i n d e x  1.4760*^
5 .  =  -4-16.3° i n  c h l o r o f o r m  G — 1 . 2 1 0 .
( s p e c i f i c  r o t a t i o n  o f  s y r u p  b e f o r e  r e a c t i o n
L d „  = + 2 2 °  0 =  9 . 2 3 1 6  )
6 . OMe — 4 . 7 4  % ( C a l c u l a t e d  f o r  t r i a c e t y l  m e t h y l
f r u c t o s i d e  m o n o - n i t r a t e  OMe- = ' 8 . 1 1 5  ,
7 .  Ac =  4 2 . 4  fo ( C a l c u l a t e d  f o r  t r i a c e t y l  m e t h y l
f r u c t o s i d e  m o n o - n i t r a t e  Ac =  3 5 . 6  % )
Tîie d i v e r g e n c e  f r o m  t h e o t y  i n  t h e  a n a l y t i c a l  r e s u l t s  c o u l d  
n o t  be  e x p l a i n e d  u n t i l  i t  was f o u n d  l a t e r  t h a t  h e x a - a c e t y l
50 .
a n h ^ ü r o  d i - f r u c t o s e  was p r e s e n t  i n  t h e  s y r u p  b e f o r e  t r e a t m e n t  
w i t h  m e t h y l  a l c o h o l .  P e r s i s t a n c e  i n  v a r y i n g  q u a n t i t y  o f  
t h i s  a n h y i r o  compound i n  t h e  s y r u p  w o u l d  i n  a l l  c a s e s  b r i n g  
a b o u t  an  a l t e r a t i o n  i n  me th ox y  a n d  a c e t y l  c o n t e n t .
7 .  P r e p a r a t i o n  o f  h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e .
5 g .  o f  t h e  s y r u p ,  o b t a i n e d  by t h e  a c t i o n  o f  f u m i n g  
n i t r i c  a c i d  i n  c h l o r o f o r m  s o l u t i o n  upo n  t r i a c e t y l  
i n u l i n ,  we re  d i s s o l v e d  i n  a s u f f i c i e n c y  o f  h o t  a b s o l u t e  
a l c o h o l .  The s o l u t i o n  was  a l l o w e d  t o  c o o l ,  a n d  a f t e r  
l o n g  s t a n J i n g ,  c r y s t a l s  s e p a r a t e d .  T hes e  we r e  
f i l t e r e d ,  w a sh e d  w i t h  a l i t t l e  c o l d  a b s o l u t e  a l c o h o l ,  
r e - c r y s t a l l i s e d  f r o m  a b s o l u t e  a l c o h o l ,  and  d r i e d  a t
100° c .
W ei g h t  o f  c r y s t a l s  =  0 . 9 9 8  g .
P r o p e r t i e s  and  a n a l y s i s  o f  c r y s t a l l i n e  compou nd .
1.  P u r e  w h i t e  a n d  n e e d l e - s h a p e d .
51.
2 .  D id  n o t  r e d u c e  F e h l i n g ’ s s o l u t i o n ,  b u t  e f f e c t e d
r e d u c t i o n  a f t e r  s t r o n g  h e a t i n g  w i t h  c o n c e n t r a t e d
h y d r o c h l o r i c  a c i d .
3 .  Grave n e g a t i v e  t e s t  f o r  d o u b l e  b o n d .
4 .  Gave n e g a t i v e  n i t r o g e n  an3  n i t r a t e  t e s t s .
5 .  M.p .  -  123°  C.
6 . W p  = 4 - 1 . 5 °  i n  c h l o r o f o r m  C =  2 . 2 7 2 .
7 .  OEt -  0 . 0 1 7  fo.
8 . Ac =  6 4 . 4  ^
( C a l c u l a t e d  f o r  h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e
GH3COOH Ac =  6 6 . 0
9 . 0 =  4 9 . 2  4 9 . 1 5  4 8 . 9 9
E =  5-B6 5-66 fo, 6 . 2
( C a l c u l a t e d  f o r  h e x a - a c e t y l  a n h y d r o  
d i - f r u c t o s e  -+ CE^COOH C % 4 9 . 0 5  i -  H =  5 . 6 6  i )
A l t e r n a t i v e  m e t h o d  o f  i s o l a t i o n  o f  h e x a - a c e t y l  a n h y d r o
d i - f r u c t o s e .
The s y r u p ,  o b t a i n e d  by  t h e  a c t i o n  o f  f u m i n g  n i t r i c
5 9 .
a c i d  i n  c h l o r o f o r m  s o l u t i o n  upon  t r i a c e t y l  i n u l i n ,  
i"vas d i s s o l v e d  i n  t h e  minimum q u a n t i t y  o f  a b s o l u t e  
a l c o h o l ,  and p u r e  d r y  e t h e r  vms a d d e d  u n t i l  no  f u r t h e r  
c l o u d i n g  t o o k  p l a c e  i n  t i e  s o l u t i o n .  C r y s t a l l i n e  
h e x a - a c e t y l  a n h y i r o  d i - f r u c t o s e  s e p a r a t e d .  Hie 
y i e l d  o f  t h e  c r y s t a l l i n e  compound vjas s i m i l a r  t o  
t h a t  g i v e n  when a b s o l u t e  a l c o h o l  a l o n e  vjas u s e d .
9 .  I s o l a t i o n  o f  t r i a c e t y l  e t h y l  f r u c t o s i d e  m o n o - n i t r a t e .
On t h e  r e m o v a l  o f  c r y s t a l l i n e  h e x a - a c e t y l  a n h y d r o  
d i - f r u c t o s e  f r o m  t h e  a l c o h o l i c  s o l u t i o n  o f  t h e  s y r u p ,  
a s  d e s c r i b e d  a b o v e  ( 7 )  t h e  f i l t r a t e  was t a k e n  t o  d r y n e s s  
a t  100^  C. u n d e r  d i m i n i s h e d  p r e s s u r e .  A c l e a r ,  s l i g h t l y  
m o b i l e  s y r u p  r e m a i n e d .
W e i g h t  o f  s y r u p  = 3 . 6  g .
P r o p e r t i e s  a nd  a n a l y s i s  o f  t h e  s y r u p .
1.  R e d u ce d  F e h l i n g ’ s s o l u t i o n  v e r y  f a i n t l y .
53 .
2 .  Gave a p o s i t i v e  t e s t  f o r  n i t r a t e .
3 .  R e f r a c t i v e  i n d e x  __ 1.4S70*^
4* fwcama prR M G — 1 . 2 0 6 0
5 .  GEt =  6 . 7  % ( C a l c u l a t e d  f o r  t r i a c e t y l  e t h y l
f r u c t o s i d e  m o n o - n i t r a t e  OEt =  1 1 . 8  %
6 . Ac =  7 9 . 0 7  % ( C a l c u l a t e d  f o r  t r i a c e t y l  e t h y l
f r u c t o s i d e  m o n o - n i t r a t e  Ac =  6 3 . 3
A n a l y s i s  a g a i n  d i f f e r e d  f r o m  t h e o r y .  The compound a p p e a r e d  
t o  be i n c o m p l e t e l y  e t h y  l a  t e d ,  a n d  i t  v;as f o u n d ,  a l s o ,  t h a t  
on v e r y  l o n g  s t a n d i n g  a f a i n t  t r a c e  o f  c r y s t a l l i n e  h e x a -  
a c e t y l  anhydiüo d i - f r u c t o s e  s e p a r a t e d .
10 .  M o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  upon  h e x a - a c e t y l  
a n h y d r o  d i - f r u c t o s e .  ( F r e e z i n g  p o i n t  m e t h o d . )
Tlie r e s u l t s  g a i n e d  by  p r a c t i c a l  d e t e r m i n a t i o n s  o f  t h e  
m o l e c u l a r  w e i g h t  o f  h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e  we re  
i n  a l l c a s e  u n s a t i s f a c t o r y .  B o t h  b e n z e n e  and  g l a c i a l  
a c e t i c  a c i l  we re  u s e d  a s  s o l v e n t s .  P a r t i a l  d i s s o c i a t i o n
5 4 .
t o  t h e  e x t e n t  o f  5 ^  o f  t h e  a c e t i c  a c i i  m o l e c u l e  a p p e a r e d  
t o  h a v e  t a k e n  p l a c e  i n  b e n z e n e ,  w h i l e  i n  g l a c i a l  a c e t i c  
a c i d  t h e  d i s s o c i a t i o n  was more  a p p a r e n t ,  and  v a r i e d  w i t h  
e a c h  e x p e r i m e n t .  A p a r t  f r o m  b e a r i n g  o u t  t h e  i d e a  o f  
a c e t i c  a c i d  d i s s o c i a t i o n  no c o n c l u s i o n s  can be  drawn f r o m  
t l ' e  r e s u l t s .  One s e r i e s  o f  v a l u e s  f o u n d  w i t h  b e n z e n e  a s  
s o l v e n t  a g r e e  f a i r l y  c l o s e l y  and  a r e  g i v e n  i n  f u l l
TABLE 1 1 1 .
S o l v e n t  z: b e n z e n e  W e i g h t  o f  s o l v e n t  =  4 5 . 0  g .
F r e e z i n g  p o i n t  _
o f  s o l v e n t  =  3 . 2 0 6
3 . 2 0 5 °
3 . 1 9 7 °
3 . 1 9 5 °
z =  3 . 2 0 1 °
X) W e i g h t  o f  c r y s t a l l i n e  compound =  0 . 2 4 6 6  g .
A f t e r  a d d i t i o n  o f  compound : -
F r e e z i n g  p o i n t  D e p r e s s i o n  o f  M o l e c u l a r  w e i g h t
f r e e z i n g  p o i n t
d  M
3 . 1 3 8 0 ------------------  0 . 0 6 3 ° -------------    ^- 432
o 3 . 1 3 8 ° —  -------------  0 . 0 6 3 ° - --------------------- 432
z =  3 . 2 0 1
3 . 1 4 0 ° ------------------ 0 . 0 6 1 ° ------------------   -  440
3 . 1 4 0 ° __________ . 0 . 0 6 1 ° _______________ 440
55 .
2)  W e i g h t  o f  c r y s t a l l i n e  compound =  0 . 2 9 7  g .
4L <1 n
3 . 0 6 5 ° ____________  0 . 0 7 5 ° ______________ 440
3 . 0 6 3 ° ------------------  0 . 0 7 7 ° ---------------------- 429
2 =  3 . 1 4 0 °  o
3 . 0 6 8  ____________  0 . 0 7 2   457
' 3 . 0 6 5 ° ____________  0 . 0 7 5 ° ---------------------- 440
Mean M o l e c u l a r  W e i g h t  =  43 8 .
The f o l l o w i n g  i s  a summary o f  t h e  v a l u e s  g i v e n  when g l a c i a l  
a c e t i c  a c i J  war  u s e d  a s  s o l v e n t : -  
( (Chree s e p a r a t e  e x p e r i m e n t s  w e re  c a r r i e d  o u t )
=  15 3 ,  135 ,  117 ,  107.
=  3 2 7 ,  3 1 0 ,  26 1 .
=: 2 1 8 ,  2 0 5 ,  195 .
11 .  P r e p a r a t i o n  o f  a n h y i r o  d i - f r u c t o s e  f r o m  h e x a - a c e t y l  
a n h y i r o  d i - f r u c t o s e .
Tiie d e - a c e t y l s  t i o n  o f  h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e
f\uŸ
was c a r r i e d  ^oy t h e  a c t i o n  o f  d ime  t h y  l a m i n e  i n  a l c o h o l i c  
s o l u t i o n .
5 6 .
5 g .  o f  h e x a - a c e t y l  ar.hy 3 o d l - f r u c t o s e  ivere a d d è d  
t o  25 c c .  o f  d ry  m e t h y l  a l c o h o l  c o n t a i n i n g  5 ^  by iMeight  
o f  d ime  t h y  l a m i n e , and  a f t e r  s t a n d i n g  i n  t h e  c o l d  f o r  
20  m i n u t e s  a  s o l u t i o n  via^ o b t a i n e d .  T h i s  was 
f i l t e r e d  and  t a k e n  t o  d r y n e s s  u n d e r  d i m i n i s h e d  p r e s s u r e ,  
t h e  t e m p e r a t u r e  b e i n g  r a i s e d  s l o w l y  f r o m  60°  C. t o  
100°  C.
W e i g h t  o f  p r o d u c t  =  2 . 6  g .
A n e g a t i v e  t e s t  f o r  an a m i i e  was g i v e n ,  i n d i c a t i n g  t h a t  a l l  
t r a c e s  o f  d i m e t h y l s c e t a m i d e  h a d  been  r e m o v e d . T he
c a l c u l a t e d  y i e l d  o f  a n h y d r o  d i - f r u c t o s e  f r o m  h e x a - a c e t y l  
a n h y d r o  d i - f r u c t o s e  i s  5 0 . 9  % by  w e i g h t ,  w h e r e a s  t h e  p r o d u c t  
o b t a i n e d  was 52 % by w e i g h t  o f  t h e  a c e t y l a t e d  compound.
I h i s  p r o d u c t ,  i n  a  h i g h l y  d r i e d  c o n d i t i o n ,  i s  a c l e a r ,  h a r d  
g l o s s ,  b u t  on e x p o s u r e  t o  a i r  i t  r e a d i l y  a b s o r b s  m o i s t u r e ,  
an e x p l a n a t i o n  o f  t h e  e x c e s s  i n  w e i g h t  n o t e d  b e i n g  t h u s  
a f f o r d e d .
57 .
12. P u r i f i c a t i o n  o f  a n h ; d r o  d i - f r u c t o s e ,
On d i s s o l v i n g  t h e a b o v e  a n h y d r o  d i - f r u c t o s e  i n  a 
s u f f i c i e n c y  o f  a b s o l u t e  a l c o h o l ,  t h e r e a f t e r  a d d i n g  a 
few d r o p s  o f  p u r e  d ry  e t h e r ,  p r e c i p i t a t i o n  i n  
c r y s t a l l i n e  f o r m  was c a u s e d .  The p r e c i p i t a t e  vjas 
wa shed  by d é c a n t a t i o n  o f  t h e  e t h e r - a l c o h o l , f o l l o w e d  
by t h e  a d d i t i o n  o f  more  e t h e r .  The e t h e r  was t h e n  
r emoved  by d i s t i l l a t i o n  and  t h e  p r e c i p i t a t e  d r i e d  a t  
60^ C. u n d e r  d i m i n i s h e d  p r e s s u r e .
VJeight  o f  p r o d u c t  =  2 , 7 8  g .
Anhydro  d i - f r u c t o s e  t h u s  o b t a i n e d  i s  a h i g h l y  h y g r o s c o p i c ,
r
t r a n s p a r e n t ,  s p h e ^ i d  c r y s t a l l i n e  compound.
P r o p e r t i e s  a n d  a n a l y s i s
1.  D i d  n o t  r e d u c e  P ' e h l i n g ' s  s o l u t i o n .
2 .  Gave a n e g a t i v e  t e s t  f o r  a m i d e .
3 .  M.p.  =  143°  -  145°  C.
4 .  H  .  =  -e 3 0 . 1 7 ^  i n  w a t e r . C =  2 . 3 2 0
58.
5.  Ac =  1 .4  %
6 . C =  4 4 . 4 9  ^  H =  6 . 2 8  ^  
( C a l c u l a t e d  f o r  a n h y d r o  d i - f r u c t o s e
C =  4 4 . 4 4  ^  H =  6 . 1 7  ^  )
13.  M o l e c u l a r  v f e igh t  d e t e r m i n a t i o n s  upon a n h y d r o  d i - f r u c t o s e  
( F r e e z i n g - p o i n t  m e t h o d . )
U s in g  t h e  c r y o s c o p i c  m e t h o d ,  v j i t h  25 c c .  o f  s p e c i a l l y  
p u r i f i e d  w a t e r  a s  s o l v e n t ,  t h r e e  s e p a r a t e  e x p e r i m e n t s  we re  
c a r r i e d  o u t  a n d  t h e  f o l l o w i n g  v a l u e s  o b t a i n e d .  The 
c a l c u l a t e d  v a l u e  f o r  a n h y d r o  d i - f r u c t o s e  i s  3 24 .
S o l v e n t  — w a t e r  W e i g h t  o f  s o l v e n t  =  25 g .
f r e e z i n g  p o i n t  
o f  s o l v e n t  “  G. 9 2 0 °
6 . 9 2 0
6 . 9 2 1 °
6 . 9 2 0 °
z -  6 . 9 2 0 '
( 1 )  W e i g h t  o f  compound =  0 . 2 3 5 5  g
b r e e z i n g  p t .  of
s o l v e n t
z
F r e e z i n g  p t .  
a f t e r  
a d d i t i o n  o f  
compound
D e p r e s s i o n  o f  
f r e e z i n g  p t .
: d  _
M o l e c u l a r
Tweight
.... M
6 . 9 2 0 °
7 . t 3 8 "
7 . 0 3 9
7 . 0 4 0 °
7 . 0 3 9 °
« 7 . 0 3 9 °
0 . 1 1 9 ° 159 1
( 2 )  W e i g h t  o f  compound =  0 . 2 5 7 5  g .
I. ,r < d h
6 . 9 2 0 °
 ^ r\
7 . 0 4 5 °
7 . 0 4 3 °
7.038m
7 . 0 3 5
7 . 0 4 1 °
7 . 0 4 2 °
= 7 . 0 4 1 °
0 . 1 2 1 ° 169
( 3 )  W e i gh t  o f  compound =  0 . 1 8 7 3  g .
TL d n
6 . 9 2 0 °
7 . 0 2 0
7 . 0 1 2 °
7 . 0 1 0 ?
7 . 0 2 0 °
7 . 0 1 0 °
7 . 0 1 3 °
7 . 0 1 4 °
c 7 . 0 1 4 °
0 . 0 9 4 ° 159
R e s u l t s ; -  ( 1 )  159
( 2 )  1G9
(3 )  159
Mean M o l e c u l a r  W e i g h t  =: 162
60 •
The v a l u e  o b t a i n e d ,  by p r a c t i c a l  d e t e r m i n a t i o n  i s  e x a c t l y ,  
one h a l f  o f  t h a t  r e q u i r e d ,  by t h e o r y  f o r  a n h y i r o  d i - f r u c t o s e  
an d  t h u s  a g r e e s  v j i t h  a m o n o - m o l e c u l a r  a n h y d r o  f r u c t o s e .
I t  i s  a s sumed  t h a t  t h e  change  f r o m  324 t o  162 i s  c a u s e d  
by t h e  d e p o l y m e r i s a t i o n  o f  a n h y i r o  d i - f r u c t o s e  t o  a n h y d r o  
f r u c t o s e  i n  t h e  a q u e o u s  s o l u t i o n .
14.  R e - a c e t y l a t i o n  o f  a n h y d r o  d i - f r u c t o s e  t o  h e x a - a c e t y l  
a n h y i r o  d i - f r u c t o s e .
0 . 5 0 1  g .  o f  a n h y d r o  d i i - f r u c t o s e  iwas b e a r e d  w i t h  10 cc- 
o f  a c e t i c  a n h y d r i d e  a n d  2 g .  o f  sod ium a c e t a t e  i n  a 
f l a s k  u n d e r  r e f l u x  c o n d e n s e r .  A f t e r  15 m i n u t e s  t h e  
s o l u t i o n  was p o u r e d  i n t o  50 c c .  o f  c o l d  w a t e r  a n d  an 
o i l  s e p a r a t e d .  Hie o i l  was e x t r a c t e d  w i t h  c h l o r o f o r m  
and  t h e  S o l u t i o n  t a k e n  t o  d r y n e s s  a t  100 C. u n d e r  
r e d u c e d  p r e s s u r e .  A w h i t e  c r y s t a l l i n e  s u b s t a n c e  
remai n e d .
We ight  o f  c r y s t a l l i n e  compound =  0 . 8 9 9  g .
61 .
P r o p e r t i e s  ox c r y s t a l l i n e  compound
rzO1.  M.p.  =  126" G. ( Mixed m . p .  w i t h  h e x a - a c e t y l
a n h y d r o  d i - l r u c t o s e  =  123^ C . )
2 .  — + 1 . 5 °  i n  c h l o r o f o r m  C =  1 . 7 8 0
3 .  Y i e l d  o f  p r o d u c t  i s  9 2 ^  o f  t h e o r e t i c a l  y i e l d  o f  
h e x a - a c e t y l  an h y d ro  d i - f r u c t o s e  f r o m  a n h y d r o  
d i - f r u c t o s e .
15.  H y d r o l y s i s  o f  an h y d ro  d i - f r u c t o s e  t o  f r u c t o s e
0 . 4 9 9 4  g .  o f  a n h y i r o  d i - f r u c t o s e  was d i s s o l x 2ed  i n  
2 0  c c .  o f  w a t e r  c o n t a i n i n g  3 ^  by w e i g h t  o f  o x a l i c  a c i d  
The s o l u t i o n  was h e a t e d  i n  a f l a s k  u n d e r  a r e f l u x  
c o n d e n s e r  f o r  1 10  m i n u t e s , an d  t h e  c o u r s e  o f  t h e  
r e a c t i o n  f o l l o w e d  p o l a r i m e t r i c a l l y .
Time o f  h e a t i n g  i n  
m i n u t e s
[ 4 1 b
I n i t i a l  r o t a t i o n +  1 . 2 6 ° +  2 5 . 7 °
10 _ 0 . 5 1 *** 1 0 . 2 "^
"3Ô -  S.Ô4® ......... — 6 0 . 9
5 0 ' —' 4 . l u — 8 %. 1°
-  4 . 3 8 ° -  8 7 . 7 °
"TTÜ-----  " ------ -  4 . 3 8 ° -  ê v . 7 '
6 2 .
ITie h e a t i n g  was d i s c o n t i n u e d  a f t e r  110  m i n u t e s  a n d  t h e  
s o l u t i o n  was f o u n d  t o  g i v e  i n s t a n t a n e o u s  r e d u c t i o n  o f  
F e h l i n g ’ s s o l u t i o n .
C a l c i u m  c a r b o n a t e  was t h e n  a dd èd  t o  t h e  s o l u t i o n ,  and  
a f t e r  n e u t r a l i s a t i o n  o f  t h e  a c i d ,  t i e  s o l i d  m a t t e r  was 
r emoved  by f i l t r a t i o n  a n l  t h e  s o l u t i o n  t a k e n  t o  d r y n e s s  
by e v a p o r a t i o n  on a s t e a m  b a t h .  A h a r d  s y r u p  r e m a i n e d ,  
s o l u b l e  i n  w a t e r  and  f r e e l y  s o l u b l e  i n  h o t  m e t h y l  a l c o h o l  and  
i n  h o t  a b s o l u t e  a l c o h o l .
W e i g h t  o f  p r o d u c t  =  0 . 5 1 0  g .  
i h e  p r o d u c t  r e d u c e d  F e h l i n g ’ s s o l u t i o n  s t r o n g l y .
Long s t a n d i n g ,  a f t e r  t h e  a d d i t i o n  t o  t h e  above  h a r d  s y r u p  
o f  a few d r o p s  o f  a b s o l u t e  a l c o h o l  and  a n u c l e u s  o f  p u r e  
f r u c t o s e  i n d u c e d  on ly  p a r t i a l  c r y s t a l l i s a t i o n .
16 .  P r e p a r a t i o n  o f  p h e n y l  g l u c o s a z o n e  f r o m  the  
h y d r o l y s i s  p r o d u c t  o f  a n h y d r o  d i - f r u c t o s e .
63.
0 . 3  g .  o f  t h e  s y r u p  o b t a i n e d  by Lhe h y d r o l y s i s  o f  
a n h y d r o  d i - f r u c t o s e  and  t o  vjhich no n u c l e u s  o f  p u r e  
f r u c t o s e  h a d  been  a dde d  was b o i l e d  f o r  one h o u r  w i t h  
a s o l u t i o n  o f  p h e n y l  h y d r a z i n e  i n  g l a c i a l  a c e t i c  a c i d  
and  w a t e r . A y e l l o w  c r y s t a l l i n e  s u b s t a n c e  w . s  f o rm ed  
and  t h i s  on i s o l a t i o n  by f i l t r a t i o n  and  r e c r y s t a l l i s a t i o n  
f r o m  d i l u t e  p y r i d i n e  p r o v e d  t o  be  p h e n y l  g l u c o s a z o n e .
M.p.  =  204°  C.
I t  was t h u s  c o n c l u d e d  t h a t  t h e  p r o d u c t  g i v e n  by t h e  
h y d r o l y s i s  o f  a n h y d r o  d i - f r u c t o s e  was n o r m a l  l a e v o - r o t a t o r y  
f r u c t o s e
17.  P r e p a r a t i o n  o f  h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e  f r o m  
a n h y i r o  d i - f r u c t o s e .
The p r e l i m i n a r y  m é t h y l a t i o n  o f  a n h y i r o  d i - f r u c t o s e  was 
c a r r i e d  o d t  by t h e  a c t i o n  o f  met i  y 1 s u l p h a t e  and  so d i um  
h y d r o x i d e .
( a )  5 . 5  g .  o f  a n h y d r o  d i - f r u c t o s e  we re  d i s s o l v e d  i n  1 2 .5  c c .
64 .
o f  a 40% s o l u t i o n  o f  sod ium h y d r o x i d e  i n  a f l a s k .
Vfi th constant  s t i r r i n g ,  the s o lu t io n  iwas hesLed a t
70° 0 .  f o r  3 h o u r s ,  and  d u r i n g  t h i s  p e r i o d  24 c c .  o f
40% sod ium h y d r o x i d e  an d  15 c c .  o f  d i m e t h y l  s u l p h a  Le
v^ere a d d e d ,  a fevj c c .  a t  a t i m e .  When t h e  a d d i t i o n
o f  sod ium h y d r o x i d e  an d  d i m e t h y l  s u l p h a t e  was c o m p l e t e
t h e  t e m p e r a t u r e  o f  t h e  s o l u t i o n  was r a i s e d  t o  100° C.
for 30 minutes lo decompose any excess o f  dimethyl
su lphate .  After a c i d i f i c a t i o n  wioh concentrated
h y d r o c h l o r i c  a c i d  f o l l o w e d  imrned l a t e l y  by n e u t r a l i s a i  io n
w i t h  sod ium b i c a r b o n a t e ,  t h e  s o l u t i o n  was f i l t e r e d  an d
o
t a k e n  i o  d r y n e s s  i n  a l a r g e  f l a s k  a i  1 0 0  0 . u n d e r
d i m i n i s h e d  p r e s s u r e . I he  r e s u l i a n t  s y r u p  was e x t r a c t e d  
w i t h  b o i l i n g  r e c t i f i e d  s p i r i t , a g a i n  f i l t e r e d  an d  
t a k e n  t o  d r y n e s s  a t  1 0 0 ° G. u n d e r  d i m i n i s h e d  p r e s s u r e ,  
i h e  above  m é t h y l a t i o n  p r o c e s s  was r e p e a t e d ,  t h e  p r o d u c t  
e x t r a c t e d  w i t h  c h l o r o f o r m  and  t h e n  t a k e n  t o  d r y n e s s  a t
65 •
100°  G. u n d e r  d i m i n i s h e d  p r e s s u r e .  The s y r u p  so 
o b t a i n e d  was e x t r a c t e d  w i t h  e t h e r  a n d  t a k e n  t o  d r y n e s s  
a s  b e f o r e .
Two f u r t h e r  m é t h y l a t i o n s  u s i n g  d i m e t h y l  s u l p h a t e  and  sod ium
h y d r o x i d e  we re  c a r r i e d  o u t .  The f o l l o w i n g  r e f r a c t i v e
i n d i c e s  we re  g i v e n  by  t h e  f o u r  p r o d u c t s : -
A f t e r  1 s t .  m é t h y l a t i o n  - 1 . 4 7 6 1 ^
A f t e r  2nd .  m é t h y l a t i o n  1*4740®
A f t e r  3r .d-  m é t h y l a t i o n  1*4732®
A f t e r  4 t h .  m é t h y l a t i o n  Vt)- 1*4732^
A f t e r  t h e  f o u r t h  p r o c e s s o o f  m é t h y l a t i o n  t h e  p r o d u c t  was
a c l e a r  y e l l o w ,  f a i n t l y  m o b i l e  s y r u p .
e i g h t  o f  s y r u p  A =  5 . 0 8 4 0  g .
S y ru p  A. was d i s t i l l e d  a t  t h e  m e r c u r y  pump a t  2 0 6 ^ / 0 . 3 5  mm.,
and gav e  5^05 g .  o f  a s y r u p  B.  w i t h  t h e  r e f r a c t i v e  i n d e x
=  1 .4731® and  w i t h  a methoxy  c o n t e n t  o f  4 3 . 2 ^  ( C a l c u l a t e d
f o r ^ n e t h y l  a n h d r o  d i - f r u c t o s e  OMe =  4 5 . 5 8 ^ )
(b)  The m é t h y l a t i o n  was c o n t i n u e d  by t h e  a c t i o n  o f
66.
s i l v e r  o x i d e  and  m e t h y l  i o d i d e .
3 g .  o f  s y r u p  B.  we re  d i s s o l v e d  i n  15 c c .  o f  m e t h y l  
i o d i d e  a n d ,  i n  t h e  p r e s e n c e  o f  7 g .  o f  d r y  s i l v e r  o x i d e ,  
t h e  s o l u t i o n  was h e a t e d  i n  a f l a s k  u n d e r  a r e f l u x  c o n d e n ­
s e r  f o r  8 h o u r s .  The p r o d u c t  was t h e n  e x t r a c t e d  w i t h  
e t h e r ,  t h e  e t h e r e a l  s o l u t i o n  f i l t e r e d  a n d  t a k e n  t o  
d r y n e s s  a t  100^  C', u n d e r  d i m i n i s h e d  p r e s s u r e .
W e i g h t  o f  p r o d u c t  % 3 , 1  g .
The p r o d u c t ,  a f a i n t l y  m o b i l e  s y r u p ,  was  d i s t i l l e d  
a t  t h e  m e r c u r y  pump a nd  two p o r t i o n s  we re  c o l l e c t e d  a t  
1 6 6 ° / 0 . 1  mm.
1 s t ,  p o r t i o n  W e i g h t  =  1 . 7 5  g .
P r o p e r t i e s  a nd  a n a l y s i s i -
1 . A c l e a r ,  f a i n t l y  m o b i l e  s y r u p
2 .^1  =  1 . 4 7 3 0 °
3 .  2 3 . 8 °  i n  c h l o r o f o r m  C =  2 . 3 9 2
4 .  OMe — 4 5 . 6 8  % ( C a l c u l a t e d  f o r  h e x a - m e t h y l  a n h y d r o
d i f . f r u c t o s e  OMe =  4 5 . 5 8  %)
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5 .  G =  5 2 . 7 4 ^  ( C a l c u l a t e d  f o r  h e x a - m e  t h y  1 a n h y d r o
H ~  8 . 1 4 ^  d i - f r u c t o s e  C =  5 2 . 9 4 ^
H =  7 . 8 4 ^  ) .
2 nd ,  p o r t i o n  Vveight  =  1 . 3 0  g .
P r o p e r t i e s  ; -
1.  A , f a i n t l y  m o b i l e  s y r u p ,  s h o w i n g  s l i g h t  d i s c o l o u r a t i o n
/
2 .  î | ^ =  1 . 4 7 3 1 °
3 .  h ] ^ =  + 2 o . 8 °  i n  c h l o r o f o r m  C =  2 . 0 5 1 0
R e s i d u e  . v . e i g h t  0 . 0 5  g .
t h i s  was v e r y  d a r k  i n  c o l o u r  and  g a v e  an a p p r o x i m a t e  
r e f r a c t i v e  i n d e x  1 . 4 7 5 2 ° .
I t  was c o n c l u d e d  f r o m  u he se  r e s u l t s  t h a t  tPie p r o d u c t  was 
homogeneous  i n  c o m p o s i t i o n  a n d  t h a t  i t  was h e x e - m e t h y l  
a n h y d r o  d i - f r u c t o s e .
18 .  A c t i o n  o f  a c i u m e t h y l  a l c o h o l  on h e x a  m e t h y l
a n h y d r o  d i - i r u c t o s e .
1, a trO'd /  .
r
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Method A.
s p e c i f i c  r o t a  t i c  o f  t h e  s o l u t i o n  vms
0 . 7 1 3 3  g .  o f  h e x a i . i e t h y l  a n h y ï r o  d i - f r u c t o s e  ?ms 
d i s s o l v e d  i  50 c c .  o f  d r y  m e t h y l  a l c o h o l  c o n t a i n i n g
0 . 5 5  % by w e i g h t  o f  h y d r o c h l o r i c  a c i d .  The i n i t i a l
'  ^ 4 - 3 3 . 5 ° ,
and  no c h a n g e  i n  r o t a t i o n  vjas g i v e n  by a l l o w i n g  t h e  
s o l u t i o n  t o  s t a n d  i n  t h e  c o l d  f o r  12 h o u r s .  Ttie 
s o l u t i o n  was t h e n  h e a t e d  a t  t h e  b o i l i n g  p o i n t  o f  m e t h y l  
a l c o h o l  i n  a f l a s k  u n d e r  a r e f l u x  c o n d e n s e r  f o r  4& 
h o u r s  and  t h e  c o u r s e  o f  t h e  r e a c t i o n  f o l l o w e d  
p o l a r i m e t r i c a l l y .
TlLih
2 3
ok Wj,
I n i t i a l  r e a d i n g + 1 . 1 0 ° ^ 3 2 . 5 0
A f t e r  20 m i n u t e s 1 - 1 . 2 1 ° 4- 3 6 . 9 °
,
A f t e r  90  m i n u t e s 4 -1 .40° ^ 4 2 . 6 °
.  t
A f t e r  3 h o u r s + 1 . 6 0 ° ^ 4 9 . 7 0
A f t e r  h o u r s ■+1.50° , -4-48.7°
A f t e r  n e u t r a l i s i n g  t h e  a c i d  w i t h  b a r i u m  c a r b o n a t e ,  t h e  
s o l u t i o n  was f i l t e r e d  and  t a k e n  t o  d r y n e s s  i n  t h e  p r e s e n c e
GP.
o f  b a r i u m  c a r b o n e  t e  a t  100^ C. u n d e r  d i m i n i s h e d
p r e s s u r e .  Tine s y r u p  vjhich r e m a i n e d  ^ a?  d i s s o l v e d  i n
e t h e r ,  f i l t e r e d  and  a g a i n  t a k e n  t o  d r y n e s s .  T h i s
s y r u p  g av e  a r e f r a c t i v e  i n d e x  o f  1 . 4 6 5 5 ^ ,  and  i t  ivas
n o t e d  t h a t  i t  vja s more m o b i l e  t h a n  h e x a - m e t h y l  a n h y d r o
d i - f r u c t o s e .  I t  v:as d i s t i l l e d  a t  t h e  m e r c u r y  pump and
tivo f r a c t i o n s  mere  c o l l e c t e d .
1 s t ,  f r a c t i o n  Vie igh t  — 0 . 3 7 0  g .
B . p .  150 ‘^ / 0 . 6  mm.
P r o p e r t i e s  and  a n a l y s i s
1.  C l e a r  s y r u p ,  m o b i l e .
\ =  1 . 4 5 1 0 °
f
3 ,  3 OMe =  4 5 . 7 3  ^  ( a .  C a l c u l a t e d  f o r  t r i m e t h y l  m e t h y l
f r u c t o s i d e  OMe =  5 2 . 5  % 
b .  C a l c u l a t e d  f o r  t r i m e t h y l  a n h y d r o  
f r u c t o s e  OMe =  4 5 . 5 3  ^  )
2 n d ,  f r a c t i o n .  W e i g h t  =  0 . 1 6 0 5  g .
B . p .  1 8 5 ^ / o . 4  mm.
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P r o p e r t i e s  and  a n a l y s i s
1.  A r e d d i s h  c o l o u r e d  s ^ r u p ,  f a i n t l y  m o b i l e
2 .  1 . 4 7 2 5 °
3 .  =  -h 2 3 . 7 °  i n  c h l o r o f o r m  C =  1 . 3 2 1
R e s i d u e . W e ig h t  =  0 . 0 3  g .
Th i s  vja.s c h a r r e d  m a t t e r .
The f i r s t  f r a c t i o n  a p p e a r e d  t o  be f u l l y  m e t h y l a t e d  a n h y d r o  
d i - f r u c t o s e ,  y e t  t h e  p h y s i c a l  p r o p e r t i e s  were n o t  t h o s e  
shov/n by h e x a - m e t h y l  anhy i l r o  d i - f r u c t o s e ;  t h e  second  
f r a c t i o n  showed a s i m i l a r  p h y s i c a l  p r o p e r t i e s  t o  t h o s e  o f  
h e x a - m e t h y 1 a n h y d r o  d i - f r u c t o s e ,  an 1 t h e r e f o r e  was a s sumed  
t o  be  u n c h a n g e d  h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e .
Me t ho d  B .
As t h e  t r e a t m e n t  d e s c r i b e d  u n d e r  Me thod  A. h a d  p r o v e d
u n s u c c e s s f u l  i n  c a u s i n g  f r u c t o s i d e  f o r m a t i o n ,  i t  was
d e c i d e d  t o  h e a t  h e x a - m e t h y 1 a n h y d r o  d i - f r u c t o s e  w i t h  a c i d
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m e t h y l  a l c o h o l  i n  a s e a l e d  t u b e .
0 . 9 2 3 0  g . o f  h e x a - m e t h y l  a n h y l r o  d i - f r u c t o s e  vja s 
d i s s o l v e d  i n  20 c c .  o f  d r y  m e t h y l  a l c o h o l  c o n t a i n i n g
0 . 4 3  fo by w eight  o f  h y d r o c h l o r i c  a c i d .  The s p e c i f i c  
r o t a t i o n  was f o u n d  t o  be “f O d . 3 ^ ,  and  t h e  s o l u t i o n
was t h e n  h e a t e d  i n  a s e a l e d  t u b e  a t  100^ C. A f t e r
17 h o u r s  h e a t i n g  the s o l u t i o n  d a r k e n e d  i n  c o l o u r  and  
t h e  h e a t i n g  was th ere fo re  d i s c o n t i n u e d .  Owing t o  
t h e  d i s c o l o u r a t i o n ,  i t  was n o t  f o u n d  p o s s i b l e  t o  o b t a i n  
a v a l u e  f o r  t h e  s p e c i f i c  r o t a t i o n .  By d i l u t i n g  
t h e  s o l u t i o n  t o  50 c c . and  by u s i n g  a r o t a t i o n  t u b e  
o f  L =  0 . 2 5 ,  an  a p p r o x i m a t e  r e a d i n g  *t-15^ was
g i v e n ,  b u t  no r e l i a b i l i t y  can be  p l a c e d  i n  t h i s  r e s u l t ,  
h e r e a f t e r  the a c i d  was n e u t r a l i s e d  w i t h  b a r i u m  
c a r b o n a t e ,  t h e  s o l u t i o n  f i l t e r e d  a n d  t a k e n  t o  d r y n e s s  
i n  t h e  presence o f  b a r i u m  c a r b o n a t e ,  and  t h e  p r o d u c t  
e x t r a c t e d  w i t h  e t h e r .  'The e t h e r e a l  s o l u t i o n  was
7? .
f i l t e r e d  e n d  t a k e n  t o  d r y n e s s  e t  100^ C. u n d e r
d i m i n i s h e d  p r e s s u r e .
W e i g h t  o f  s y r u p  =  0 . 6 4 6 2  g . 
f r o m  t h e  a b o v e  y i e l d  of s y r u p  i t  vias a p p a r e n t  t h a t  p a r t i a l  
d e c o m p o s i t i o n  ha  1 t a k e n  p l a c e .
Tlie s y r u p  v a s  d i s t i l l e d  a t  t h e  m e r c u r y  pump,  a n d  t v o  
f r a c t i o n s  c o l l e c t e d .
1 s t ,  f r a c t i o n . W e i g h t  z: 0 . 4 1 0 0  g .  , ,
B . p .  1 6 0 ° / 0 . 5  mm.
P r o p e r t i e s  a nd  a n a l y s i s
1.  C l e a r  m o b i l e  s y r u p .
2 .  =: 1 . 4 6 1 0 °
'-p
S .  OMe =  46 . ,1  ^  ( C a l c u l a t e d  fo r  t r i m e t h y l  a n h y d r o
f r u c t o s e  OMe =  4 5 . 5 8  % )
2 n d ,  f r a c t i on W e i gh t  =  0 . 0 7 5 9  g .
B . p .  19 0 ' ^ /0 .5  mm.
P r o p e r t i e s  a n d  a n a l y s i s
1.  A c l e a r  s l i g h t l y  m o b i l e  s y r u p
73 .
2 .  -  1.4730*
Re G H u e  . We i gh t  =  0 . 1 3 0 3  g
T h i s  vws c h a r r e d  m a t t e r .
The f i r s t  f r a c t i o n ,  w h i l e  p o s s e s s i n g  a h i g h  me t ho xy  c o n t e n t
  a p o s s i b l e  i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  t r a c e s  o f  t r i -
m e t h y l  m e t h y l  f r u c t o s i d e  ------ gave  a r e f r a c t i v e  i n d e x
i d e n t i c a l  w i t h  t h a t  o f  t h e  f i r s t  f r a c t i o n  i n  Method A . j  t h e  
s e c o n d  f r a c t i o n  a g r e e d  i n  r e f r a c t i v e  i n d e x  w i t h  t h e  s e c o n d  
f r a c t i o n  i n  Method A. an d  i t  waa a s s u m e d  t o  be  u n c h a n g e d  
h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e .
74.
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PART IV . \
D i s c u s s i o n  o f  R e s u l t s
A c r i t i c a l  e x a m i n a t i o n  may novv be made o f  th> f o r e g o i n g  
r e s u l t s  a n i  o f  t he  r e s u l t s  o b t a i n e d  by o t h e r  w o r k e r s  on t h e  
c o n s t i t u t i o n  o f  i n u l i n .  In  d o i n g  so i t  i s  n e c e s s a r y  t o  
r e v i e w ,  i n  p a r t i c u l a r ,  c e r t a i n  f a c t s  b r o u g h t  to l i g h t  by
( a )  I r v i n e  and S t e e l e  ( l o c , c i t . )
(b)  J .Vv .H . Oldham ( u n p u b l i s h e d  r e s e a r c h e s )
( c )  G-. R o b e r t s o n  ( u n p u b l i s h e d  r e s e a r c h e s )
( a )  I he  work  o f  I r v i n e  anu  S t e e l e  o u t l i n e d  i n  P a r t  1 . ,
showed t h a t  i n u l i n  was composed o f  f r u c t o s e  r e s i d u e s  o f  t h e
Y t y p e .  The t r i m e t h y l  i n u l i n  o b t a i n e d  by them was h y d r o ­
l y s e d ,  and  a t r i m e t h y l  f r u c t o s e  r e s u l t e d ,  w h i l e  t h e  f l a t t e r  
compound on c o n t i n u e d  m é t h y l a t i o n  and  s u b s e q u e n t  h y J r o l y s i s  
gave  t e t r a m e  t h y 1 Y f r u c t o s e .  T h i s  d e f i n i t e l y  e s t a b l i s h e d
the  h e x o s e  t o  be  o f  t h e  u n s t a b l e  v a r i e t y .  A t t e n t i o n ,  h o w e v e r
: '- e
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mu s t  be drawn &o t b e  c o m p o s i t i o n  o f  t h e  a c t u a l  s p e c i m e n  o f  
t r i m e t h y l  f r u c t o s e . '  T h i s  compound was d i s t i l l e d  u n d e r  
d i m i n i s h e d  p r e s s u r e  an 3 t h e  s e c o n d  f r a c t i o n  so o b t a i n e d  ga ve  
t h e  a n a l y s i s  a l r e a d y  q u o t e d .  I t  may be  n o t e d  t h a t  t h e  
c a r b o n  c o n t e n t  i s  more and  t h e  h y d r o g e n  c o n t e n t  l e s s  t h a n  i s  
r e q u i r e d  by t h e o r y  f o r  t r i m e t h y l  f r u c t o s e .  A f t e r  c o m p a r i s o n  
w i t h  t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  i t  
i s  s u g g e s t e d  t h a t  t h e  d i v e r g e n c e  i n  a n a l y t i c a l  r e s u l t s  shown 
by t h e  s e c o n d  f r a c t i o n  was c a u s e d  by t h e  p r e s e n c e  o f  t r a c e s  
o f  h e x a - m e t h y l  a n h y d ro  d i - f r u c t o s e  or  o f  t h e  monomer i c  f o r m  
o f  t h i s  compound.  I he  f i r s t  f r a c t i o n  i s o l a t e d  by I r v i n e  
and  S t e e l e  was so s m a l l  i n  w e i g h t  t h a t  i t  was d i s c a r d e d ,  b u t  
i t  c an  be  c a l c u l a t e d  f r o m  th e  y i e l d s  q u o t e d  by t h e s e  w o r k e r s  
t h a t  t h e  d i s c a r d e d  m a t e r i a l  c o u l d  n o t  h a v e  amoun ted  t o  more 
t h a n  2^% by w e i g h t  o f  t h e  t r i m e t h y l  i n u l i n  e m p l o y e d .  A
lo w e r  p e r c e n t a g e  c o u l d ,  i n  f a c t , be e x p e c t e d .
The p r e s e n t  r e s e a r c h  showed t h a t  t h e  y i e l d  o f ^ h e x a - a c e t y l
75 .
s n h y i r o  d i - f r u c t o s e  was a p p r o x i m a t e l y  20% by w e i g h t  o f  t h e  
t r i a c e t y l  i n u l i n  o r i g i n a l l y  u s e d .  I t  may be s u g g e s t e d  
by c o m p a r i s o n ,  t h a t  t h e  main  p o r t i o n ,  i f  n o t  t h e  e n t i r e  b u l k ,  
o f  t h e  f i r s t  f r a c t i o n  o b t a i n e d  by t h e  d i s t i l l a t i o n  o f  
t r i m e t h y l  f r u c t o s e  was a c t u a l l y  t r i m e t h y l  a n h y l r o  f r u c t o s e .
I n  o t h e r  w o r d s ,  t h e  h y d r o l y s i s  o f  t r i m e t h y l  i n u l i n  was n o t  
c o m p l e t e ,  t h e  h y d r o l y t i c  a g e n t  h a v i n g  f a i l e d  t o  b r e a k  down 
t h e  a n h y d ro  s t r u c t u r e  p o s s e s s e d  by a p p r o x i m a t e l y  20% o f  
t h e  m a t e r i a l .
( b )  D u r i n g  t h e  p r e s e n t  i n v e s t i g a t i o n s  i t  was f o u n d  t h a t  
two p r o d u c t s  r e s u l t  f r om t h e  t r e a t m e n t  o f  t r i a c e t y l  i n u l i n  
w i t h  f u m in g  n i t r i c  a c i d  i n  c h l o r o f o r m  s o l u t i o n .  These  a r e : -
( 1 ) h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e
( 2 ) t r i a c e t y l  f r u c t o s e  d i - n i t r a t e
R e f e r e n c e  h e s  been  made t o  t h e  f a c t  t h a t  Dr .  J .W.K.Oldham 
had  i s o l a t e d  h e x a - a c e t y l  anhy i ro  d i - f r u c t o s e  f r o m  th e  
p r o d u c t s  o f  t h e  a c t i o n  o f  0,'ô% s u l p h u r i c  a c i d  i n  g l a c i a l
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a c e t i c  a c i d  upon t r i a c e t y l  i n u l i n .  Among t h e  r e m a i n i n g  
p r o d u c t s  t h e r e  p r o v e !  t o  be a m i x t u r e  o f  t r i a c e t y l  f r u c t o s e ,  
t e t r a - a c e t y l  f r u c t o s e  and  an a c e t y l a t e i  d e r i v i t i v e  o f  
a n h y d r o  f r u c t o s e .  T h i s  m i x t u r e  was s o l u b l e  i n  w a t e r ,  t h u s  
i t  wou l d  a p p e a r  t h a t  a n  i a c e t y l  compound d i f f e r i n g  f r o m  
h e x a - a c e t y l  a n h y d r o  d i - f r u c t o s e ,  wh ich  i s  i n s o l u b l e  i n
w a t e r ,  was p r e s e n t  =------  p o s s i b l y  t h e  m o n o - m o l e c u l a r  t r i a c e t y l
a n h y d r o  f r u c t o s e .  T h i s  f o r m  o f  a n h y d r o  f r u c t o s e  may be 
an o r i g i n a l  c o n s t i t u e n t  o f  i n u l i n ,  b u t ,  on t h e  o t h e r  h a n d ,  
i t  may be t h e  r e s u l t  o f  t h e  d e p o l y m e r i s a t i o n  o f  h e x a - a c e t y l  
a n h y i r o  d i - f r u c t o s e .  T h a t  su c h  d e p o l y m e r i s a t i o n  i s  p o s s i b l e  
i n  a d e r i v i t i v e  o f  a n h y d r o  d i r f r u c t o s e  h a s  been  i n s t a n c e d  
i n  F a r t  11 ,  whe re  a d e s c r i p t i o n  i s  g i v e n  o f  t h e  t r e a t m e n t  
o f  h e x a - m e t h y l  a n h y d r o  d i - f r u c t o s e  w i t h  b o t h  a c i d  m e t h y l  
a l c o h o l  a t  60®C, and  w i t h  a c i d  m e t h y l  a l c o h o l  i n  a s e a l e d  
t u b e  a t  100*0 .  These  p r o c e s s e s  f a i l e d  t o  g i v e  a t r i m e t h y l  
f r u c t o s i d e ,  m e r e l y  a l t e r i n g  t h e  p h y s i c a l  p r o p e r t i e s  w i t h o u t
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c h a n g i n g  t h e  c o m p o s i t i o n  o f  t h e  a n h y i r o  compound.  From 
t h i s  i t  wou ld  a p p e a r  t h a t  a n h y d r o  d i - f r u c t o s e  i s  n o t  a t r u e
\
d i - s a c c h a r i d e , b u t  i s  f o r m e d  by t h e  l i n k i n g  t o g e t h e r  o f  
two m o l e c u l e s  o f  anhy  i ro f r u c t o s e  by a r e s i d u a l  v a l e n c y .
( c )  Dr .  Geo rge  R o b e r t s o n  ( S t .  Andrews U n i v e r s i t y )  t r e a t e d  
i n u l i n  i n  t h e  manner  d e s c r i b e d  by B a r n e t t  ( J . S o c .  Chem. I n d .  
1921 .  40 .  81') • I h i s  i n v o l v e s  t h e  a d d i t i o n  o f  i n u l i n  t o  
g l a c i a l  a c e t i c  a c i d  t h r o u g h  wh ich  c h l o r i n e  h a s  b e en  p a s s e d .
A f u r t h e r  a d d i t i o n  ox a c e t i c  a n h y d r i d e  i s  made a n d  s u l p h u r  
d i o x i d e  b u b b l e d  t h r o u g h  t h e  m i x t u r e ,  wh ic h  i s  t h e n  m a i n t a i n e d  
a t  a t e m p e r a t u r e  o f  60°  0 .  f o r  one h o u r .  At t h e  en d  o f  t h i s  
t i m e  i t  was f o u n d  t h a t  30 ^  by w e i g h t  o f  t h e  o r i g i n a l  m a t e r i a l  
was u n d i s s o l v e d .  On c o n t i n u e d  t r e a t m e n t  t h e r  s t i l l  
r e m a i n e d  18^ o f  u n d i s s o l v e d  m a t e r i a l ,  and  i t  was n o t  f o u n d  
p o s s i b l e  t o  r e d u c e  t h i s  f i g u r e .  D u r i n g  t h e  p r e s e n t  r e s e a r c h  
t h i s  u n d i s s o l v e d  p o r t i o n  w_ s s u b j e c t e d  t o  P r i n g s h e i m ’ s 
p r o c e s s  o f  a c é t y l a t i o n  and  t h e  p r o d u c t  t r e a t e d  w i t h  fu m in g
79.
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n i t r i c  a c i i  i n  c h l o r o f o r m  s o l u t i o n .  h e x a - a c e t y l  a n h y d r o  
d i - f r u c t o s e  -was a g a i n  i s o l a t e d ,  a m o u n t i n g  i n  w e i g h t  t o  
1 0 ^  o f  t h e  t r i a c e t y l  i n u l i n  u s e d .
‘i h i s  a g a i n  s u p p o r t s  t h e  t h e o r y  t h a t  t h e r e  i s  a p o r t i o n  
o f  t h e  i n u l i n  m o l e c u l e  wh ich  i s  h i g h l y  r e s i s t a n t  t o  h y d r o l y s i s  
I n b r i e f  t h e s e  r e s u l t s  p o i n t  t o  t h e  f o l l o w i n g  c o n ­
c l u s i o n s  : -
( 1 } t h a t  i n u l i n  i s  n o t  a ho mogeneous  compound - J
a n d
( 2 ) t h a t  t h e r e  a r e  two ma i n  co mp o ne n t s  o f  i n u l i n ,  
one o f  wh ich  i s  e a s i l y  h y d r o l y s a b l e , w h i l e
s
t h e  o t h e r  i s  h i g h l y  r e s i s t a n t  t o  h y d r o l y t i c  
a g e n t s .
l h a t  p o r t i o n  which  i s  e a s i l y  h y d r o l y s a b l e  y i e l d e d  a mono-  
m o l e c u l a r  t r i a c e b y l  f r u c t o s e  d i - n i t r a t e ;  t h e  o t h e r  p o r t i o n  
f r o m  w h i c h  t h e  c r y s t a l l i n e  s e r i e s  o f  compounds i s  o b t a i n e d  
a p p e a r s  t o  be d i - m o l e c u l a r . 'ihe  f a c t  t h e  t h e  m o l e c u l a r
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vjeighx, d e t e r m i n a t i o n s  upon  t he  d e - a o e t y l a t e d  p r o d u c t  f r o m  
h e x a - a c e t y l  a n h y d ro  d i - f r u c t o s e  i n d i c a t e d  a m o n o - m o l e c u l a r  
a n h y i r o  f r u c t o s e  need  n o t  be t a k e n  a s  c o n c l u s i v e  e v i d e n c e  
o f  t h e  m a g n i t u d e  o f  t h e  p a r e n t  bod y .  I t  i s  more l i k e l y  
t h a t  d e p o l y m e r i s a t i o n  h a i  t a k e n  p l a c e  i n  t h e  a q u e o u s  
s o l u t i o n ,  t h u s  y i e l d i n g  a m o n o - m o l e c u l a r  a n h y d r o  f r u c t o s e .
On t h e  e v i d e n c e  o f  I r v i n e  and  S t e e l e  i t  i s  knomn t h a t  
t h e  h y d r o l y s a b l e  p o r t i o n  o f  i n u l i n  b e l o n g s  t o  t h e  y  s e r i e s  
I t  i s  u n l i k e l y  t h a t  t h e  n o n - h y d r o l y s a b l e  and  l e s s e r  p o r t i o n  
i s  composed o f  f r u c t o s e  o f  t h e  n o r m a l  t y p e ;  r a t h e r  i s  i t  
p r o b a b l e  t h a t  t h e s e  tiMo r e s i d u e s  have  d i f f e r e n t  a n h y d r o  r i n g s  
w h i l e  b o t h  p o s s e s s  t h e  oxygen  r i n g  a c c o r d i n g  t o  t h e  
c o r r e c t e d  f o r m u l a  f o r  a y f r u c t o s e .
Ihe  1 : 2  o r  1 :2 ’ a n h y i r o  r i n g  h a s  a l r e a d y  b e e n  p r o p o s e d  
f o r  t h e  u n s t a b l e  a n h y d r i d e ,  t h e r e f o r e  t h e  s t a b l e  a n h y d r i d e  
may p o s s e s s  e i t h e r  t h e  1 : 3 ,  1 :4  o r  1 :5  r i n g .  The l i n k a g e  
1 : 4  h a s  been  a s s i g n e d  t o  t h e  o x i d i c  s t r u c t u r e  o f  y  f r u c t o s e
81 .
Of t h e  tvjo a l t e r n a t i v e s  r e m a i n i n g ,  t h e  1 :5  l i n k a g e ,  t h a t '
p o s s e s s e d  by n o rm a l  f r u c t o s e ,  i s  p r e f e r r e d  a s  t h e  more  l i k e l y
t o  r e s i s t  a c i d  h y d r o l y s i s
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U n s t a b l e
a n h y d r o  y  f r u c t o s e  
( 1 : 2  o r  1 :2 ' )
S t a b l e  
a n h y d r o  y  f r u c t o s e  
( 1 :5  )
The p r e s e n c e  o f  r e s i d u a l  v a l e n c i e s  i n  i n u l i n  h a s  been
s u g g e s t e d  an j a p p e a r s  t o  s u p p o r t ,  i n  p a r t ,  t h e  h y p o t h e s i s  of
Dean ( l o c , c i t , )  t h a t  i n u l i n  i s  composed o f  a number o f
l o o s e l y - b o u n d  m o l e c u l e s .  On t h i s  t h e o r y  i t  f o l l o w s  t h a t
m o l e c u l e s  o f  t h e  s t a b l e  and  u n s t a b l e  a n h y d r o  y  f r u c t o s e s  
a r e  h e l d  t o g e t h e r  by r e s i d u a l  v a l e n c i e s  t o  make up t h e
a g g r e g a t e  m o l e c u l e  o f  i n u l i n .  So t h a t  w h i l e  t h e  e m p i r i c a l
82 .
f o r m u l a  eau oe f i x e i  a t  (C, h, 0 ) , t h i s  s t a t e  o f  f e e b l e  
l i n k a g e  i n  i n u l i n  h a s  c a u s e d  t h e  d e t e r m i n a t i o n s  o f  i t s  
m o l e c u l a r  w e i g h t  t o  v a r y  c o n s i d e r a b l y ,  and  i t  i s  n o t  p o s s i b l e  
a s  y e t  t o  a s s i g n  t h e  c o r r e c t  v a l u e  t o  x  .
The r e s u l t s  o f  t h e  p r e s e n t  r e s e a r c h  h a v e ,  i n  one s e n s e ,  
a d d e d  t o  t h e  c o m p l e x i t y  o f  t h e  i n u l i n  p r o b l e m ,  b u t  t h e  
s i t u a t i o n  can a t  l e a s t  be  s t a t e d  i n  d e f i n i t e  t e r m s .
I n u l i n  i s  e i t h e r
( a )  a m i x t u r e  o f  p o l y m e r i s e d  a n h y d r o - f r u e t o s e s
b e l o n g i n g  t o  t h e  y  t y p e ,  b u t  d i f f e r i n g  i n  t h e  
s t a b i l i t y  o f  t h e  a n h y d r o  r i n g s .
Ih e  r a t i o  be tw een  u n s t a b l e  and  s t a b l e  a n h y d r i d e s
V
i s  o f  t h e  o r d e r  4  
o r  ( b )  a p o l y m e r i s e d  a n h y d r o - p o l y f r u e t o s e  o f  t h e  y  t ype  
c o n t a i n i n g  u n s t a b l e  a n d  s t a b l e  a n h y d ro  r i n g s  in  
t h e  r a t i o  4  *1 
Of t h e s e  a l t e r n a t i v e s  t h e  f i r s t  i s  mo s t  s t r o n g l y  s u p p o r t e d .
82 .
The a u t h o r  w i s h e s  t o  e x p r e s s  h i s  g r a t i t u d e  t o  
P r i n c i p a l  S i r  Jam es Co lquhoun  I r v i n e  C . B . E . ,  F . R . S . ,
u n d e r  whose s u p e r v i s i o n  t h e  r e s e a r c h  was u n d e r t a k e n .
'Hie a u t h o r  i s  a l s o  i n d e b t e d  t o  t heP Hu d i e  a n d  t h e  
C a r n e g i e  T r u s t s  f o r  t h e  S c h o l a r s h i p s  w h i c h  e n a b l e d  t h e  
work t o  be c a r r i e d » o u t .
